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INTRODUCTION 

is an attempt to collect available information 
on tne subject of the sex chromosomes, the viewpoint being in the main 
that of the cytologist. From the time of Schleip’s splendid treatment 
of sex chromosomes in his general consideration of sex determination 
(12) to Wilsons more recent summary (’25a) in his monumental 
survey of cytology, the status of these chromosomes has been taken un 
more or less completely in a number of treatises (Moegan, ’13 • Don- 
CASTEE, 14, ’20; BucHNEE, ’15; Agae, ’20; Shaep, ’21; COWBET, ’24). 
A survey like the present one can therefore not escape a great deal of 
repetition, even though no general works like those mentioned can treat 
the large volume of information on sex chromosomes in an exhaustive 
inanner. It is mainly in this latter respect that a renewed treatment 
of the subject seems justified. 

It has been my aim to emphasize especially those points which 
still present obstacles to a complete understanding of the nature of sex 
chromosomes. In the brief treatment of the relation of these chromo- 
somes to the process of sex determination the experimental as well as 
the cytological evidence had to be considered, a fact which only reflects 
the interlocking of these two modes of attack in the more recent at- 
tempts to solve old problems. 

I would like to express my gratitude for the aid given me by my 
wi e , Sally Hughes-Scheadee, in the preparation of the manuscript. 

0 mm(^t as gjeat an extent am I indebted to Dr. A. H. STtrETBVANT 
ot the Carnegie Institution whose unselfish help is always so readily 
given. Dr 0 B. Beidges, Dr. C. W. Metz and Dr. C. Steen furnished 
the ori^nals for the figures 25 A andB, 27 and 25 0 respectively. Finally 
i am obliged to Professor P. Buchnee who in his capacity as editor 
has helped m more ways than one. 


HISTORY 

During^ the final twenty years of the last century various investi- 
gators described, figured, and discussed certain structures which in the 
light of more recent work may have been sex chromosomes. Usually 
however no definite conclusion on this point is possible and it seems 
fruitless to consider such investigations as that of Loewenthal (’88) 
on the cat, Lukjanow (’89) on Asearis mystax, and Sanpelice (’88) 
on rodents, with the question of priority in mind. Indeed none of these 
earlier observers definitely identified such structures as chromosomes. 

Zellen- u. Befrachtungsleiire hrsg. T. Buchner; I: Schrader i 
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condensed precociously in the growth stages of the primary spermatocyte 
and was distinct from the true nucleolus. His observations on the behavior 
of this body in the actual division stages were however not correct, if he 
was dealing with the sex chromosomes. In the same year, 1898, Paul- 
MIER recorded in Anasa tristis conditions very similar to those reported 
by Henkeng- in Pyrrhoeoris. In the second spermatocyte division eleven 
chromosomes go to one pole and only ten to the other. The odd ele- 
ment he definitely called a chromosome, but confused it with the small 
m chromosomes in the growth stages. Erroneous counts of the chro- 
mosomes seem to have been in part responsible for his failure to 
correctly follow the sex chromosome through these stages. 

In 1899 Me Clung studying the spermatogenesis of Xiphidium made 
an error that was similar to one previously made by Montgomeey in 
that he apparently believed that the “accessory” chromosome there divi- 
des in both spermatocyte divisions. However his description of the be- 
havior of this chromosome in the growth stages is excellent and received 
confirmation not only in his own work on Hippiseus (’00) but also from 
Sutton’s account of the behavior of the “accessory” in the spermato- 
gonia of Brachystola (’00). Miss Wallace’s report of an accessory in 
spiders published in the same year was rather inconclusive. 

In 1901 were published several accounts of the behavior of sex 
chromosomes. De Sinety described correctly the behavior of the un- 
paired sex chromosome (his “Chromosome special”) in the male of Or- 
phania and also gave the first description of a case of a multiple chro- 
mosome (a sex chromosome united with an autosome) in Leptynia. 
Montgomery (’01 a & b) showed that in several species of Hemiptera 
a “chromatin nucleolus” passes undivided to one pole in the second 
spermatocyte division, thus in a sense correcting his earlier interpre- 
tations. But by far the most significant paper in 1901 was one in 
which Me Clung reviewed some of the work previously reported on the 
chromosome under discussion and suggested that the two classes of 
sperms which must result from the meiotic distribution of the “accessory” 
are causally related to the production of two sexes. His statement on 
this point was as follows; “Upon the assumption that there is a quali- 
tative difference between the various chromosomes of the nucleus, it 
would necessarily follow that there are formed two kinds of sperma- 
tozoa which, by fertilization of the egg, would produce individuals quali- 
tatively different. Since the number of each of these varieties of sperma- 
tozoa is the same, it would happen that there would be an approximately 
equal number of these two kinds of offspring. We know that the only 
quality which separates the members of a species into these two groups 
is that of sex. I therefore came to the conclusion that the accessory 
chromosome is the element which determines that the germ cells of the 
embryo shall continue their development past the slightly modified egg 
cell into the highly specialized spermatozoon.” 

Here then, as also slightly later (’02 b) McGlung definitely asso- 
ciated the accessory chromosome with sex determination. His main 
hypothesis was however coupled with the subsidiary one of selective 
fertilization and led him to the conclusion that the sperm carrying the 
accessory chromosome is male determining. On this basis it is to be 
expected that the male carries one chromosome more than the female. 

1 * 


4 


Franz Schrader 








k W-f'’ 


The error was in large part due to the fact that so little was known 
about the chromosomes in the female. 

McCliihG' gained confirmatory evidence for his main thesis from 
his further studies on Locustidae (’02 a) as well as from observations 
on other Orthoptera by Baumgaetnee (’02 & ’04) and Sutton (’02). 
The latter however also confirmed Me Clung’s erroneous interpretation in 
regard to the chromosome numbers in the two sexes by reporting that 
the spermatogonia of Brachystola show one more chromosome than the 
ovarian follicle cells. Peculiarly enough, McClung’s general conclusion 
in regard to the correlation between the accessory and sex determination 
received very little additional support for the first few years. Several 
investigators concluded that the accessory originates from the union of 
two smaU spermatogonial chromosomes (as for instance McGill, ’04; 
Voinov, ’04; Montgomery, ’04, ’06; Zweigeb, ’06). This difference of 
opinion rested partly on the fact that these investigators were dealing 
with the incompletely understood XY condition, and also as in the case 
of Zweigee on special, complicating conditions in the species studied. 

One of the most persistent opponents to the hypothesis advanced 
by Me Clung was Geoss, who endeavored to show that in both Syro- 
mastes (’04 a &b) and Pyrrhoeoris (’06) the accessory as found in the 
spermatocytes arises from two small spermatogonial chromosomes and 
also that the number of chromosomes is the same for both sexes. It 
was _ his opinion as well as that of Miss Wallace (’05) that all sperms 
lacking the accessory degenerate and that therefore there is only one 
type of sperm that can fertilize the egg. It is clear that this view if 
correct, would cpse McClung’s hypothesis to fall to the ground. 

The confusion was cleared up in a most striking manner by the 
work of Miss Stevens (’06) and Wilson (’05a & b), whose publications 
appeared almost simultaneously. Stevens working on Tenehrio and 
Wilson on several Eemiptera, discovered that in the males of these 
forms there is one unequal pair of chromosomes and that this pair 
behaves in the growth stages of the spermatocytes like the odd or un- 
paired element which McClung had called accessory. They found 
further , that the members of this unequal pair separate and pass to 
opposite poles^ in one of the two meiotic divisions. Stevens also demon- 
strated that in the female the diploid number of chromosomes is the 
same as that of the male but that no unequal pair is present Both 
observers realized fully the significance of their findings and as a con- 
sequence the error that had been involved in Me Clung’s assumption 
that males carrying an accessory have one more chromosome than the 
females was soon corrected. 

w confusions and misunderstandings were cleared up especially 

mnar ^ brilliant papers analyzed the various 

modifications of sex chromosomes in the heterogametic sex and showed 
how the basic conditions represented by an unequal pair of sex chro- 
mosomes may be related to these obtaining in cases where the X chro- 
mosome has no partner, and how modifications may arise due to the 
presence of compound chromosomes, supernumeraries, and m chromosomes. 

* Although these conclusions were now very quickly accented bv 
most of the workers in the field, there nevertheless^ existed sonfe oppo- 
sition and resultant controversy. The objections voiced by Geoss were 
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disposed of by Wilson (’09 a & c) in showing that the male of Pyrrho- 
cms has an unpaired sex chromosome in the spermatocytes and that 
this arises from a single spermatogonial chromosome of corresponding 
Size and not a pair of smaller spermatogonial chromosomes. The chro- 
mosomes 01 the female supported this conclusion. In Syromastes Wilson 
showed that Geoss had indeed observed correctly that the male has 
two sex chromosomes, but he also demonstrated that these two chro- 
mosomes represented the components of a compound X chromosome which 
IS unpaired. Again the chromosomes of the female bore out this con- 
clusion for there each of the two components is represented twice and 
1 therefore greater by two chromosomes than that 

01 the male. A more general controversy arose from the claims of 
f OOT and Steobbll ( 07 a & b) that in Anasa tristis the spermatogonial 
number of chromosomes is 22 as in the female, and that there is neither 
an odd chromosome or an unequal pair of chromosomes in the male 
Advanced by two such careful workers, these findings were received 
with a good deal of attption, but there now seems to be no doubt 
that they were actually in error and that the male has 21 and not 22 
chromosomes. 

Further investigation served only to establish more firmly the 
general conclusions regarding the correlation of sex chromosomes to sex 
determination. On the other hand, the great simplicity and clearness 
of the sex chromosome theory in its general aspects was perhaps account- 
able at times for rash conclusions and possibly also for a tendency to? 
regard with suspicion those cases which did not seem to conform to 
the simplest conception of the theory. It was in this connection that 
investigations like those of yon Baehe and Moeoan on the life cycles 
Aphids and Phylloxera had a good influence, for there was demonstrated 
with^^eat clearness that even very complicated and apparently confused 
conditions may rest on a basis very much like that observed in the 
simplest eases. 

It is perhaps unnecessary to say that we have not reached the 
final conclusion on the relation between sex chromosomes and sex deter- 
mination. The final^ analysis of what the correlation really rests on is 
not possible through investigations embodying only pure cytology. Keali- 
zation of this fact has already brought into the field the experimental 
attack as represented by the geneticist, and the gratifying results in- 
corporated in such work as that of Stuetbyant (’21) and Beidges (’22) 
show that this new direction is the right one. 


NOMENCLATURE 

The somewhat bewildering terminology that has come into use as 
our knowledge of the sex chromosomes increased, is in part a reflection 
of the history of investigations in this field. Even today there are no 
generally accepted terms, and the designation “sex chromosome” is 
generally used in the present treatise simply because it seems most 
obvious and natural. 

The terms which cover sex chromosomes of any kind may be listed 
as follows: 
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Cliromatm nucleolus Montg-omeky, iyy» 

Chromosome special De Sinett, 

Modified chromosome Montg-ombey, 1901 
Heterochromosome « > 

AUosome 

Idiochromosome Wilson, 1906 

Heterotropic chromosome „ , 1906 

Sex chromosome » > 1906 

Differential chromosome „ ? 1906 

Eccentric chromosome Foot & Steobell, 1907 

It is to be understood that several of the above terms may be 
used to designate other chromosomes as well as sex chromosomes. Ihis 
is especially tme of heterochromosome and allosome, both of which 
have ^been used repeatedly with the understanding that their use is 
confined to the sex chromosomes proper, whereas Montgomeet stated 
emphatically that he intended these terms for any kind of chromosome 
distinguishable from the ordinary autosomes by certain pecuiianties 
of behavior. It is plain that on the basis of such a definition such 
chromosomes as supernumeraries, heteromorphic chromosomes and m 
chromosomes would be included as well as sex chromosomes. A simUar 
obieetion might be made to the use of “eccentric chromosome as ap- 
plied to sex chromosomes exclusively, since Foot and Steobell were 
of the opinion that the chromosome to which they applied this name 
has nothing to do with sex determination. _ ;, • * 

A number of more specific terms has come into use to designate 
the nature of any single sex chromosome in question. The necessity 
for this arose from the fact that in some cases the sex chromosome in 
tVio ViAt.firnD'fl.infitic sftx has no nartner. whereas in other cases this sex 
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CASTBE (’20) used the term “multiple X”, but Me Clung had used the 
term multiple m 1917 and earlier to cover cases in which two or 
more chromosomes become attached to each other (thus a union of two 
autosomes belonging to different pairs, or union of a sex chromosome 
with an autosome). Again the same term has been applied more re- 
cently m those forms in which the number of chromosomes has been 
mcreased to a multiple of a supposed basic number (as in the roses). 
FinaUy, Wilson (25a) has used the term “compound chromosome’’ 
or cases 3n which a chromosome is represented by several components. 

objection of ambiguity for strictly speak- 
ing the meaning of this word also covers cases in which an apparently 
single chromosome is composed in reality of two or more whole chro- 
mosomes that have undergone fusion. As matter of fact, Doncastbe 
( 20) actually used the term in this latter sense. 

But rather than add new terms to an array already so bewilder- 

I propose to use here the following: 

sex chromosome — to designate those cases in which 
the X or Y are represented by two or more components. 

Multiple chromosome — to designate chromosomal formations 
brought about by the adherence or union of two or more non-homologous 
chromosomes to each other, with no implication of a meiotic process 

GENERAL MORPHOLOGY AND BEHAVIOR 

In all cases where a cytological demonstration of sex chromosomes 
IS possible, their part in the chromosome cycle is a relatively simple 
matter as long as we are concerned only with the niore general aspects. 

In one sex, the full or diploid set of chromosomes is composed of 
two equal haploid sets. Thus although the members of the haploid set 
may show the widest variation in size and form, each chromosome has 
one homologous partner in the other haploid set. In the course of 
meiosis these partners are separated from each other and the gamete 
when ready for fertilization carries only one complete haploid set It 
is evident tha,t individuals of this kind can produce only one type of 
gamete, that is, they are said to be homogametic. 

An examination of the diploid set of chromosomes in the opposite 
sex presents one basic difference. This may express itself in one of 
two basic ways, each one of which is subject to certain complications. 
In one case the diploid number is one less than that of the homoga- 
metic sex, so that consequently one of the chromosomes has no partner. 
This odd or unpaired chromosome is the sex chromosome which is usu- 
ally designated as X. The gametes produced in this sex are of two 
types, differing in the fact that half of them carry an X and half do not. 

; If size or form distinguish the X, an analysis of the chromosomes 
in the homogametic sex will show that it is there represent ed twice. The 
sex chromosome conditions can therefore be briefly indicated as follows: 
Homogametic = XX; Heterogametic = XO. Except in the cases of 

HO recently the term has also been used as an equivalent of the German term 

tsammelchromosom” as applied in cases like the bee. Strictly speaking, this is not 
justifiable, since we know practically nothing about the nature of the chromosomes 

that there become joined at certain stages. 
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the birds and LepidopteraS it is the female sex that is homogametic, so 
that with these exceptions in mind the chromosome cycles may he re- 
presented schematically as follows, (A = haploid set of autosomes); 

0) = 2A + XO = Male 


Egg (A + X) + Sperm (A • 
Egg (A -f X) + Sperm (A 


• X) = 2 A + XX = Female. 


XY = Male 
XX = Female. 


In the alternative ease, the X in the heterogametic _ sex has a 
partner. This however is not its homologue, differing in size or Torm 
and undergoing no synapsis with it. It is usually designated as i . In 
the meiotic process two types of gametes are again formed, one carry- 
ing in addition to the autosomes an X, and the other a i. Hetero- 
gamety is therefore expressed here as XY and the cycle is: 

Egg (A X) -f- Sperm (A -j- Y) = 2 A 
Egg (A -f- X) 4- Sperm (A -f - X) = 2 A 
Sex chromosomes have been cytologically demonstrated in many 
forms of Platyhehninthes, Nematelminthes, Echinodermata, Arthropoda, 
MoUusca, Vertebrata and a few plants. However, in many other forms 
in these phyla sex chromosomes have never been seen nor has a conclu- 
sive cytological demonstration of their presence been made in the Pori- 
fera, Coelenterata, Nemertinea, Trochelminthes, Protochordata, and 
MoUuscoida. 

In the heterogametic sex the sex chromosomes a,re usually recog- 
nizable on the score of special behavior as compared with the autosomes. 
This behavior most often takes the form of heteropycnosis, that is, the 
sex chromosomes undergo precocious condensation in the growth stages. 
This tendency is not merely the outward expression of the fact that 
changes occur more rapidly in the sex chromosomes, for there is often 
the additional tendency to remain condensed longer than the autosomes 
after the completion of the division, and in some cases the sex chromo- 
somes never become as diffuse as the autosomes during meiosis. In 
addition to heteropycnosis the sex chromosomes may be distinguishable 
because of precession or lagging (succession) on the spindle; they may 
take a special position with respect to the autosomes; they may lie in 
a special vesicle during certain of the stages; and they may tend to 
remain condensed after each meiotic division. 


MEIOTIC GEOWTH STAGES 

It is of interest to observe that this special behavior of the sex 
chromosomes is apparently not manifested prior to the spermatogonial 
stages. Thus Mohe’s careful investigations (’15, ’16) on certain forms 
of the Locnstidae led him to conclude that in the somatic cells the un- 
paired X and the autosomes can not be differentiated on the basis of 
behavior. However it must not be forgotten that researches touching 
on the sex chromosomes in somatic cells are small in number and 
generalization is not justified. 

Indeed, certain evidence seems to show that the differential be- 
havior does not always appear suddenly to its most marked extent, that 


‘ Genetic evidence (Bellamy, ’23, and GoEDON, ’26) seems to show that in the 
fish Platypoecilus it is also the female that is heterogametic. 
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is to ^ say with the appearance of one definite germ cell generation like 
the first spermatogonia or the primary spermatocytes. Thus Beunelli’s 
work on Tryxalis ’ll) shows that in the spermatogenesis in, which 
the X is distinguishable from the autosomes in the earliest spermato- 
gonia because of its inclusion in a special vesicle, it is at first subject 
to the same degree of diffusion. But gradually and with successive 
generations of spermatogonial cells it evinces an increasing tendency to 
precocious condensation and this progressive heteropycnosis becomes 
most pronounced in the spermatocyte growth stages. On the other hand 
cases are known in which heteropycnosis does not occur even in the last 
spermatogonial generations of cells but appears to a striking degree in 
the primary sppmatocytes (Oncopeltus, Wilson, ’12). Again it is mani- 
festly not possible to generalize. 

The formation of chromosome vesicles is not confined to sex chro- 
mosomes. However, even when there are autosomal vesicles, the vesicle 
of the sex chromosomes maintains a certain degree of distinctness which 
is due in great part to the fact that it does not share the tendency to 
fusion with other vesicles such as is evinced by those of the autosomes. 
But even in the single order of Orthoptera where vesicle formation is 
very marked, a great deal of variation has been observed. Thus Weneich 
(’16) has observed in Phrynotettix vesicle formation of the sex chromo- 
some in several generations of spermatogonial cells but not the last, 
w^hile Davis (’08) specifically mentions that in some other forms it is 
present in its clearest form at that stage. But it is safe to state that 
vesicle formation is not confined to the meiotic period but is sometimes 
to be encountered in various spermatogonial stages as well. 

If there is thus a great deal of variation in regard to the stage 
at which the sex chromosomes first show a distinctive behavior, the 
way in which this distinction is expressed is subject to a bewildering 
amount of variety. This is especially true during the meiotic period. 
As far as the preparatory phases for this period are concerned a sharp 
contrast is presented in a comparison of even such closely related groups 
as two orders of insects like the Hemiptera and Orthoptera. In most 
Hemiptera these preparatory changes seem relatively simple. After the 
last spermatogonial telophase the autosomes and sex chromosomes become 
diffuse so that the nucleus at this time presents a typical resting con- 
dition. With the transition to the prochromosome stage the sex chro- 
mosomes attain a differential aspect in that they are smoother in out- 
line, more compact, and stain more intensely with chromatin stains. 
This stage is succeeded by one in which the autosomal prochromosomes 
give rise to delicate, much coiled threads but to all appearance the sex 
chromosomes do not take part in this process and remain compact just 
as they do during all the succeeding changes (leptotene, synaptotene, 
pachytene, diplotene, confused, and diakinesis stages) that are observ- 
able in the autosomes. In some forms a nucleolus makes its appear- 
ance at some stage during these preparatory steps, but its exact rela- 
tion to the sex chromosomes is not clear. Again, some variability is 
encountered in the compactness assumed by the sex chromosomes; thus 
has the X and Y elongated during a time w^hen the sex chro- 
iBOSomes of Oncopeltus B;re quite lumpy and compact (fig. 2). Finally 
a considerable diversity is shown in regard to the time at which the 
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eqaational split first appears in the sex chromosomes, and while such 
a division line is visible already in the diplotene phase of Lygaeus, it 
does not appear in the sex chromosomes of Oncopeltus until after the 
confused period. 

The apparent lack of activity of the sex chromosomes at a time 
when the most far reaching changes occur in the autosomes has led 



Fig. 2. Ilgams Ucruris (Wilson, ’12)— o Spematogonial metaphase. 6 Spermato- 
gonial telophase showing X and Y in condensed state, e Leptotene stage of first 
piermatocyte with X and Y condensed, d Diplotene stage of first spermatocyte with 
X and Y condensed, and a nucleolus showing, e Confused stage of first spermatocyte, 
r Prophase stage of first spermatocyte, g Metaphase of first spermatocyte, with X 
and 1 in middle of plate, ft Daughter plates of first spermatocyte division, i Meta- 
phase of second spermatocyte, with X and Y joined in middle of plate, j Second 
spermatocyte division showing X and Y going to opposite poles. 


VErions observers to the conclusion thEt we Ere concerned with degener- 
Eting structures thEt Ere on the WEy to disappearance (Paulmiee, *99 
Montgomery, 05). But Gdtheez (’22) reaches a conclusion almost 
directly _opposed, for in assigning to sex chromosomes a special position 
among chromosomes he points out that his observations of their secretion 
of much nucleolar material as well as the distinct space that nearly 
always sepmtes them from the autosomes bespeak a greater chemical 
activity rather than a less. 
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In view of this question of their nature and activity, it is of some 
importance to observe that in some forms, notably the Orthoptera, the 
sex chromosomes do not appear as semi-dormant structures but undergo 
changes that parallel closely those observable in the autosomes. These 
facts have been brought out especially in the various accounts published by 
Me Clung and his students as well as by Mohr and some other workers. 

As has already been remarked, the sex chromosomes in the males 
of most Orthoptera are recognizable already in the spermatogonia — 
whether because of heteropycnosis , inclusion in a special vesicle, or 
both (fig. 3 and 18). In the meiotic preparatory stages the X generally 
does not elongate as much as the autosomal threads, although in some 
species like Xiphidium it may attain the form of a coiled spireme thread 
differing only slightly in diffusion and length from those of the auto- 
somes. At the time of the bouquet stage when the ends of the auto- 
somal threads become polarized and synapsis occurs, the ends of the X 
are also drawn to the same point — and this occurs even in those cases 
in which the X chromosome’s thread is relatively short and condensed. 
The “conflexion of the heterochromosome” as this phase is termed by 
Mohr is quite evidently identical with the similar phase described in 
the autosomes. The point of the X at which the bend has occurred in 
the conflexion then swells and becomes vacuolated, but as long as the 
autosomes remain polarized no other change is noticeable. It is only 
when the diplotene or split stage is reached and the polarized ends of 
the autosomes once more become free that a similar liberation of the X 
occurs. Its outline then again becomes smooth and it once more be- 
comes compact. At the same time appears the equational split, quite 
equivalent to the split that makes its appearance simultaneously in the 
autosomes. As Wbneich (’16) has well stated in his consideration of 
the sex chromosome, “its behavior, while unique in many respects, 
differs from that of the autosomes in the degree and the chronology, 
rather than in the kind of its changes” (fig. 4). 

The question of pairing of course does not arise in those cases in 
which the X is an odd element and has no partner. When a Y is 
present however, the behavior of the two sex chromosomes with respect 
to each other is of some interest. In many Hemiptera the X and Y 
remain separated throughout the preparatory phases and show absolutely 
no relationship to each other in their position in the nucleus. In other 
cases they are united in the growth stages but separated in the dia- 
kinesis. This separation is maintained in the equational division, but 
prior to the division in which they pass to opposite poles they may come 
together for a moment only to separate almost immediatly in the follow- 
ing division. Finally in still other cases, like some Coleoptera, the X 
and Y may be united to form a single chromosome nucleolus that main- 
tains its form up to the time of the maturation division. In none of 
these types is the nature of the pairing quite clear. 

MEIOTIC DIVISIONS 

The relation of the sex chromosomes to the autosomes in their 
position in the metaphase plates of the two maturation divisions is again 
quite variable. In some Hemiptera, their position in the first metaphase 
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seems to be fairly constaEt (always in the center as in Lygaem^ (fig. 2) 
or slightly at one side of the group of autosomal tetrads as in Syro- 
mastes), but in most other forms no such regularity obtains. 


Fig. 3. Lo<mta viridissima (Mohh, ’16) — o, b & c Prophase stages of primary 
spermatogonia, d, e & f Prophase stages of secondary spermatogonia, g & h Steps 
m formation of leptotene threads of first spermatocyte, showing the X at one side m 
the cytoplasm. 8 Leptotene stage, j Pachytene stage, i Diplotene stage. I Prophase. 

Whether the sex chromosomes pass undivided to the poles in the 
first (preheterokinesis) or the second spermatocyte division (posthetero- 
Mnesis), their behavior in whatever division is reductional for them often 
bnngs out another feature which has at times been regarded as diagnostic 
of sex chromosomes. That feature lies in the fact that the sex chromo- 
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second spermatocyte, s Spennattds. ^ 

?ther^ rS? respect from each 

’n 7 W-+l ^ ^ exceptional cases like that oiVanduzea (Boitma 

07) either precession or succession may occur in different nrimarv 
spermatocyte ceUs of the same testis. ■ ainerem primary 

^i^sions occur as might be expected. In one of the 
meiotic divisions, the sex chromosomes are divided equationally and in 
.^’susion the split which usually appears already in the growth 
stages, IS consummated. In the other division however, the sex chromo- 
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T.* inaturation divisions occurs the interkinesis during 

which the autosomes generally become more or less diffuse. Here again 
the sex chromosomes betray their tendency to remain condensed and 
usually do not reach the grade of diffusion attained by the autosomes. 

SEX CHROMOSOMES IN THE GAMETES 

The preceding observations with regard to the interkinesis apply 
more or less to the stages following the second maturation division, 
inus tlm sex chromosomes may often be recognizable in the network 
ormed by the diffusing autosomes simply because they remain compact 
tor a long time. But once more, no generalization is possible, for the 
spermatids of a great many forms show no trace of such persistence 
even though sex chromosomes are definitely known to be present. On 
the other hand the presence of true nucleoli during the early stages of 
spermatid formation may often lead to confusion and thus the body 
seen in all spermatids of Ceresa {Bonma, ’07) is a true nucleolus 
whereas the same observer reports that a similar body in CampylencUal 
a closely related form, represents the sex chromosome. 

With very few exceptions (as in Ancyr acanthus^ MULSOW, ’12) the 
presence of sex chromosomes in the completely formed gametes can not 
be established. However, it might be expected that in cases where the 
Y if present is c[^ite small and the X very large, the heads of the com- 
pletely formed sperms would show size differences correlated with the 
amount of chromatin represented by the sex chromosome. In rare cases 
tms expectation seems actually to be realized, but in most instances 
the difficulty of making accurate measurements as well as additional 
complicating factors have prevented a final conclusion. 

Although the general behavior of the sex chromosomes thus seems 
well established, a great deal remains to be done in the analysis of 
pocessp and structure underlying these more superficial phenomena. I 

It is the purpose of the following pages to review our knowledge of 
these deeper lying factors. 


CONFUSING ELEMENTS 

It may safely be stated that it is impossible to isolate any one 
feature of behavior and regard it as diagnostic of sex chromosomes. 
The confusion that has often arisen in the study of sex chromosomes 
is attributable in large part to the more or less arbitrary assumption 
that one or a few reactions are specific for them, and this despite the 
fact that several of the earlier workers like Wilson were aware of this 
danger and warned against it. The last decade has brought on a more 
cautious attitude however, and in several groups like the mammals where 
much superficial work characterized earlier investigations, a realization 
of the difficulties attending the recognition of sex chromosomes is gradu- 
ally bringing order out of chaos. 

A detailed consideration of the sources of confusion would partake 
too much of a digression, and since a thorough review of the elements 
involved has been given in such treatises as that of Wilson (’25 a),, 
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only a brief summary will be given here. In such a summary the con- 
fusing elements may be given as follows: i„„ 

True nucleolus or plasmosome.— In typical cases this intranuclear 
body is oxyphilic and stains with acidic dyes. If therefore a cell is 
stained with a combination of basic and acidic dyes, the chromatin ele- 
mpnts usually stain with the former and the nucleolus with the latter. 
However there are exceptions to this, and in cells stained with FlEMMING s 
triple stain the nucleoli may stain with safranin, which as a basic stain 
also colors the chromosomes. Again, just like the chromatin, the nu- 
cleoli may vary in their staining reactions with the various phases ot 
the nucleus. Finally the mode of fixation may definitely affect this 
staining reaction. In view of this uncertainty a final identification of 
the nucleolus and its differentiation from sex chromosomes must rest 
on a study of the complete cycle of the various changes in the cell 

elements. , x- i i 

Chromatin nucleolus or karyosome. — The term chromatin nucleolus 

was used by Montgomery in 1898 as a designation for the sex chromo- 
some. But it is now quite clear that nucleolus-like bodies which typic- 
ally take a basic stain are not always identical with sex chromosomes. 
Thus lumps and knots of a chromatinic nature are frequently encoun- 
tered in the nuclear network and although these may in some cases 
furnish material for the sex chromosomes in the later preparatory stages, 
it is likewise true that in other instances they may also contribute to 
the formation of the autosomes. Such “netknots” are perhaps closely 
related to the chromosome nucleoli, which are known to give rise directly 
to one or more entire chromosomes, and these in turn may have a similar 
relation to the karyospheres. The latter, of which a nucleus seldom 
contains more than one or two, may contain all or nearly all of the 
chromosome material during certain stages of the nuclear cycle— as has 
been shown for instance in several Myriapoda (fig. 17 A) (BLACKMAN, 
’03 ff.), Hemiptera (Browne, ’10 fi) and Coleoptera (Hayden, ’25). 
Summing up therefore, it may be said that a chromatin nucleolus may 
be identical with one or more sex chromosomes, but that autosomes also 
arise from such structures in some instances. 

Amphinucleolus.— These are the bodies of a double nature which 
partake of the characters of both a true nucleolus and a chromatin 
nucleolus. In those cases where a chromatin nucleolus is obviously 
attached to a plasmosome, the combination involved is not confusing. 
More difficult are those cases in which one or more chromatin nucleoli 
are actually imbedded in a larger plasmosome. It is almost impossible 
to differentiate between some instances of this kind and those karyo- 
spheres which include a certain amount of plasmosomic material as well 
as chromatin. 

Ghromatoid body.— This term has been applied by several observers 
to bodies as to whose exact nature we are still in doubt. It stains 
intensely with basic dyes, but with Auerbach’s rubin-methyl green and 
Altmann’s stqins takes the same color as the mitochondria. But ac- 
cording to Plough (’17) it is not stained by Janus green intra vitam 
and thus lacks a staining reaction which more than any other is in- 
dicative of a mitochondrial nature. However it is to be noticed that 
as long as the nuclear wall is intact, no confusion with the normal sex 
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chromosome IS apt to arise_ since the chromatoid body typically lies 
outside 01 the nucleus. It is therefore only during the actual division 

tliat me cnroniatoid body is to be found among the chromosomes (fig, 20 c) 
and then may indeed closely resemble a sex chromosome (as for instance 
111 Fentatoma semlis). But WILSON (13) has shown that even in such 
a case a close study of its behavior will serve to differentiate it from 
me chromosomes, for with the formation of the new nuclear membrane 
It IS again left in the cytoplasm (fig. 5). 


c 



Fig. 5. Fentatoma senilis (Wilson, 13’) — « Early growth period of first spermato- ■ ' 

cyte, showing chromatoid body outside of nucleus, b Late prophase, e Metaphase of , ' 

first spermatocyte (c == chromatoid body), d Late anaphase of first spermatocyte 

division, with chromatoid body lagging on the spindle, e Metaphase of second spermato- , 1 , 

cyte (c = chromatoid body), f Late anaphase of second spermatocyte division. ! ■ 

g Spermatid with chromatoid body below (a == acrosome). 1 . 

... , , 

I ■ 

Other chromosomes. — Other chromosomes which may be and actually ; 

have been mistaken for sex chromosomes are heteromorphic autosomes, i ii 

supernumeraries and m chromosomes. Thus the uneq.ual size of a hetero- i 

morphic pair of autosomes may lead to the conclusion that an XY pair ; ll 

is under observation. Supernumeraries which according to Wilson may 1 i 

have been derived from sex chromosomes may also lead to confusion, ' i 

and the errors made by several early observers regarding the relation 
of m chromosomes to sex chromosomes demonstrate sufficiently that they , -i 

Zelleii- u. Befrnchtungslelire krsg. v. Buclmer; I: Schrader ■ 2 
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are not always easily differentiated from each other. Also to be con- 
sidered are the multiple chromosomes in which a sex chromosome may 
be joined to an autosome, and in which a correct interpretation may 
not always be easy. 

If on the basis of these considerations, it must be clear that our 
known staining reactions can not always enable us to identify sex chromo- 
somes, it must not be forgotten that these stains have their distinct 
value as checks on the conclusions arrived at from a study of the be- 
havior of any element under consideration. Without following such an 
element through the whole cycle-— from resting stage through the various 
phases of division and back to resting stage— no final conclusion re- 
garding its nature seems warranted. For the further step of differenti- 
ating an X from a Y, a still more elaborate study seems to be ne- 
cessary. Paintee (’24b) has enumerated five considerations which in 
his opinion should guide the process of identification of X or Y chromo- 
somes. They may be briefly given as follows (Paintee assumes that the 
male is heterogametic): 

1. A study of the diploid chromosome complex of the male. If 
the number is odd, the XO condition is indicated (except in case of 
some compound X chromosomes or an extra chromosome), wheras an 
even number would indicate an XY pair (with the exceptions already 
noted). 

2. A study of the haploid complex in the male. If the number 
is just half the diploid, the XY condition is again indicated (except in 
case of the compound X of the X^X“ — 0 type). 

3. A study of the morphology and behavior during meiosis. It 
is here that the XY conditions are perhaps most easily recognized in 
most cases. 

4. A study of the sex chromosomes that enter the spermatids. 

5. A study of the chromosomes in the female. 

The importance of knowing the chromosome conditions thoroughly 
in both sexes can hardly be sufficiently emphasized. It is astonishing 
how many conclusions in regard to sex chromosomes have been based 
on a study of the male alone. It is true that the cytologieal conditions 
in the female are not always as favorable as those of the male, but 
many investigators never seem to consider that only a study of the 
female will serve as a final check on their findings in the male. 

The cumbersome set of rules and cautions which is embodied in 
such outlines of direction as those of Painter and others only serves 
to express the fact that a study of the sex chromosomes is in most 
cases not a simple proceeding. A study of the whole cell cycle including 
meiosis in both sexes is the only safe course to follow, and such a study 
must be conducted with a complete knowledge of the sources of possible 
confusion. 


HETEROPYCNOSIS OF THE SEX CHROMOSOMES 

Perhaps the most striking characteristic in the behavior of the 
sex chromosomes is theirheteropycnosis in the heterogametic sex, especially 
during the meiotic stages. As has already been pointed out, in some 
cases and notably in the Orthoptera this behavior does not differ from 
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Jif fo “«c}i in the kind of processes involved as in 

the dOj^ree and chronology of the changes (Weneich ’16) ffio’ 4) In 

Sarrin ?h“e -ny" H^terl ttis^^ba 

pvTdSt hn^ behavior of sex chromosomes and autosomes is not so 

S simJlv ll f cytological conditions are 
there simply less favorable for detailed observations on this phase. 

Tivf‘nnii« Underlie this peculiar phenomenon of hetero- 

vHth ft final ,“^7® determined. The realization that 

ma6^ problem considerable progress would be 

o-iven riqp physiology of chromosomes has however 

55 ven yss to a good deal of work on this particular aspect. 

hypothesis voiced repeatedly is that aU sex chromosomes are 
undergoing degenerative processes, or as several earlier observers had 
It, are not chromosomes at all. Both views have met with a great deal 
of opposition Thus Mohr (’is, ’16) after a detailed and exacting 
analysis of the behavior of the unpaired sex chromosome in the males 
01 Leptophyes^ and Locusta definitely rejected this hypothesis. Like 
several investigators before him, Mohr emphasized that in the female 
01 those species the sex chromosomes behave exactly as do the auto- 
somes and on that basis at least are perfectly normal. Since the onlv 
obsemble difference as regards the conditions of a cytological nature 
lies in the fact that the sex chromosome is paired in the female and 
unpaired in the male, Mohr’s conclusion is a very natural one. It is 
that „die Fomeneigentiimlichkeiten, welche das Monosom in der Spermato- 
g6nes6 darbi6t6t, davon abzul6it6n sind, dafi 6S ohne Partnor die Pro- 
zesse dnrchinachen mufi, die zur Reduktion der Chromosomenzahl fiihren^, 
A similar conclusion has been arrived at by many other workers. 

To hold the_ lack of a partner responsible for the heteropycnosis 
01 the monosome in the males of Orthoptera is of course only one logical 
step removed from the conclusion that heteropycnosis may also result 
irom the fact that the members of a pair (like the XY pair) are not 
homologous. _ Both hypotheses would be covered by the statement that 
heteropycnosis of a chromosome is due to the lack of a homologous 
partner. 

It must be confessed that this does not take us very far into an 
analysis of heteropycnosis. Such as it is, the conclusion is supported 
by a great deal of affirmative evidence, but before even such a modest 
step in advance is accepted it may not be out of place to examine this 
evidence. There is no need here to mention the numerous cases which 
duplicate the Orthoptera in showing heteropycnosis of the sex chromo- 
somes in the heterogametic sex only. Evidence other than this but Avith 
a more or less direct bearing on the question may be given as follows : 

_ Heteromorphic pairs of autosomes:— Carothers (’13) first described 
in the_ Orthoptera Brachystola and Arphia a chromosome pair the partners 
of which are unequal in size. In the preparatory phases of the first 
spermatocyte this pair is condensed earlier than the other autosomes 
^ig. 6 A), although not quite as early as the unpaired X chromosome. 
Despite the inequality of this heteromorphic pair, a tetrad is formed and 
this is easily recognized because of its unsymmetrical shape. In Arphia 
another pair of autosomes also undergoes a condensation which is only 
slightly less precocious, but in that case no obvious inequality in size 
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is apparent between the two partners. Similar to this last named case 

is that described by Robeetson (’16) in Aeridium ornatus, but here 
no thorough analysis was made. However, evidence of this nature 
supports the general thesis that heteropycnosis occurs when no homo- 
logous partner is available. , , . 

Supernumeraries: Closely related to the preceding is the behavior 
of supernumeraries. Wherever analyzed, these behave just like unpaired 
chromosomes or unequal pairs in that they undergo heteropycnosis. This 
is true for instance in Metapodius (Wilson, ’07 c, ’09 b), Tettigidea 
(ROBERTSON, ’17), and Diabrotiea (STEVENS, ’08). But the most per- 
tinent analysis was made by Caeeoll (’20) in the case of the super- 
numeraries of Ccmnulci. He found that different cells of the same testis 
showed either one or two supernumeraries. If only one supernumerary 
was present it condensed precociously just like an unpaired X, while 
if a cell contained a pair of supernumeraries no heteropycnosis was 
observable and both behaved like the paired autosomes. 

Polyploidy: Evidence based on instances of polyploidy is not con- 
clusive. If heteropycnosis occurs when a chromosome has no homologous 
partner’ but as is usually assumed does not occur when such a partner 
is present, then polyploidy should provide test cases. Thus if the chromo- 
somes of an XO or XY male are doubled, each of the sex chromosomes 
is represented twice, that is to say it has an homologous partner. Un- 
fortunately few cases of polyploidy have been examined with this question 
in mind. Paintee (’25 b) reported that in the human male a chromo- 
some nucleolus representing the XY pair is present during the growth 
stages of the spermatocytes, but in tetraploid germ cells it can not be 
found. He therefore concluded that „when two x chromosomes are 
present, they undergo synapsis and behave otherwise as the autosomes 
do“. But this does not concur with Bowen’s findings (’22) according 
to which tetraploid spermatocytes of Euschistus show heteropycnosis of 
the X and Y, even though each of these is twice represented. Poly- 
ploidy therefore does not furnish conclusive support for our thesis. 

m chromosomes: The nature of m chromosomes is not clear, but 
their behavior is of some interest in the present connection. As far as 
cytological observations go, the two m chromosomes as observed in the 
Hemiptera are exactly alike in size and confignration , but it must not 
be forgotten that their diminutive size renders the study of their structure 
very difficult. In Anasa tristis and Chariesterus they behave just like 
equal pairs of autosomes and condense from diffused masses in the same 
waj" and at the same rate as such autosomes (fig. 6 c). But in other 
instances this is not the case and in Archimerus ealearator where like- 
wise no cytological difference in the structure of the two m chromo- 
somes is observable, both condense distinctly in advance of the regular 
autosomes. The same may be said ot Alydm pilosolus where 
a slight variation in the rate of condensation may be observed in different 
individuals (fig. 6 b). Just as in the case of externally similar pairs of 
autosomes which undergo heteropycnosis, it may be suggested here that 
the m chromosomes in these last mentioned cases are really not homo- 
logous. This is in a measure supported by the fact that they do not 
undergo synapsis like the autosomes but come together for a very brief 
time only at the moment of division. On the other hand, the m chromo- 
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t ■ behave just like the autosomes come together and 

et for just as ^bnef a period as those that undergo heteropycnosis. 
mn; 1 of beterogamety in the female; In instances where a cyto- 
logical demonstration of heterogamety in the female and homogamety in 
55! possible, It might be expected that heteropycnosis occurs in 

the formei. Reports of earlier observers on the cytology of the Lepido- 
p ra which gave accounts of condensed sex chromosomes in the sper- 
matogenesis (Stevens, ’06; Dedeeer, ’07; Donoastee, ’ll, ’12) were 





Eig. 6. a Arphia simplex (Carothees, ’13)— Growth stage in spermatocyte (c = pre- 
cocious autosomal tetrad; b = fragment of another precocious autosomal tetrad), b Alydus 
pilosolus (Wilson, ’05b) — Middle of growth period in first spermatocyte, showing 
condensed m chromosomes and X with attached plasmosome. e Anasa tristis (WmaON 
’05 b) — Condensation stage of first spermatocyte showing diffuse m chromosomes and 
condensed X (ft = X chromosome), d Cicada tibken (Shapfee, ’20 a) — Oocyte in 
preleptotene stage showing two chromatin nucleoli (cr.n.). e Oocyte in strepsitene 
stage showing two chromatin nucleoli {cr,n.), 

Oil! b^iSod OE insnfficiBEt evidence. However the same may 

be said of Donoastee’s account of a chromosome nucleolus in the 
female. In Phragmatobia, Talaeporia, and Fumea, where Seilee has 
shown that the female certainly shows the XY (gji Phragmatohia) or the 
XO condition, no heteropycnosis was observed (fig. 34a). No reliable 
evidence either for or against heteropycnosis in the female birds is 
available. Although there is here no support for the general thesis, it 
must be pointed out that our knowledge of the cytology and sex chromo- 
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somes in these two groups is hardly sufficient to justify any final con- 
clusion. 

Heteropycnosis in the homogametic sex: Thorough investigations 
of the chromosome conditions in the homogametic sex (i. e. the female 
in nearly all cases) are few in number as compared with investigations 
of a like nature in the heterogametic sex. The great majority of such 
work supports the thesis here under discussion, in that no heteropyc- 
nosis of the sex chromosomes is observable. There are however a few 
cases that seem to represent exceptions. FOOT and Steobell (’ll) 
described a chromatin nucleolus in the oogonia of Protenor and con- 
cluded that in some cases this represents the two largest chromosomes 
(i. e. the sex chromosomes). But they found also that in other instances, 
hot only the sex chromosomes but also all the autosomes were evolved 
from this chromatin nucleolus. It is now quite probable that the latter 
observation is the only correct one and that they were dealing with 
a karyosphere. 

No special mention need be made of cases like that of oocytes of 
Oryllus (Buchnbe, ’09), Pyrrhocoris (Henking, ’92; GUTHERZ, ’07), 
and the cat (v. WiltiWAETER and Sainmont, ’09), in all of which hetero- 
pycnosis of the sex chromosomes was reported. In all these cases other 
workers contradicted such findings and Bijchnee, Guthbez and 
V. Winiwarter have themselves given up their earlier interpretations. 

Not so certain is the status of a few other cases. Stevens (’06) 
reported that the X chromosomes in the oocytes of Aphrophora undergo 
heteropycnosis and although she may not have clearly differentiated 
between sex chromosomes and a true nucleolus, the case should be 
reexamined. Payne’s results (’12 b) seem to show that in Gdg^dus 
(Qelastieorus) the four pairs of X components in the female, undergo 
heteropycnosis during the early growth stages in the oocytes. But it 
must be pointed out that these compound X chromosomes are located 
in a large plasmosome during this period and that special conditions are 
presented thereby. More recently Shaeebr (’20 b) reported two chromo- 
some nucleoli in the oocytes of Cicada. These are observable before 
the leptotene stage but then disappear only to reappear in the diplotene 
phases (fig. 6d and e). Shaffer does not seem to be certain, but is 
inclined to regard these chromosome nucleoli as the condensed X chro- 
mosomes of the female. All these rather inconclusive cases belong to 
the Hemiptera. Under the Coleoptera two other cases may be mentioned. 
WiEMAN (’10) found a condensed, bipartite body in the growth stages 
of the oocytes of Leptinotarsa, but gave little evidence regarding its 
exact nature and behavior. Goldsmith (’19) described two chromo- 
pme nucleoli in the oogonia of Gicindela and also two condensed bodies 
in the oocytes which he regarded as sex chromosomes (2 X^ and 2 X”). 
But here again, the evidence does not permit a final conclusion. Finally 
should be mentioned the cases of the nematode Heterahis where Gulik 
(’ll) described heteropycnosis in both sexes, and of cattle in which 
WODSEDALEK (’20) reported a similar condition. 

_ It is evident that aU these cases do not seriously affect the con- 
clusion that hetCTopycnosis does not occur in the sex chromosomes of 
homogametic animals. Nevertheless it seems very important so recon- 
sider all these forms with this particular point in mind, since an ana- 
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exceptions may throw more light on the problem than 
any number of confirmations of the general thesis. 

Hermaphroditism: Cases of hermaphroditism in which no hetero- 

furnisr^nf n individuals of the species concerned can 

+wn directly on the present question. In at least 

tvo instances however pertinent information is available. 

^nn-rirD individuals of Angiostomum (Boveei, ’ll; 

bOHLEiP, 11) develop from fertilized eggs with 12 chromosomes. They 
are primarily females with two X chromosomes and as might be ex- 
^c ed there is no heteropycnosis of these sex chromosomes in the oocytes. 
However, in the spermatogenesis of the same animal, there is hetero- 
of two chromosomes in the growth stages of the spermato- 
cytes — although this does not occur quite simultaneously in both chro- 
mosomes. bince the males in most other nematodes have given evidence 
of being heterogametic it does not seem unfair to assume that in the 
hermaphrodites of Angiostomum the heteropycnosis observed in male 
germ cells is related to heterogamety. It has been suggested that such 
a condition might be brought about by an alteration in one of the two 
X chromosomes basically present so that in the male cells there is 
found an XI instead of the original XX condition. With such an as- 
sumption of a change in one X, the two sex chromosome are of course 
no longer homologous, and heteropycnosis therefore is based on the same 
lactor as that assumed in our main thesis. 

^ Another pertinent case ist that of Perla, although this is not an 
instance of functional hermaphroditism. Junker (’23) found that in the 
structures which seem to represent an ovary in the males, the chromo- 
somes which are typical of true male organs are also present. There- 
fore this so called “male ovary” carries a compound X (of two compo- 
nents) without a partner. In the true female germ cells 5 where a 
pair of compound X chromosome is to be found, no heteropycnosis 
occurs. On the other hand, there is a marked heteropycnosis of the 
single compound X in the growth stages of spermatocytes. This then 
IS just what might be expected. However, in the “male ovary” where, 
as in typical male organs and germs cells, the compound X has no 
partner, little or no heteropycnosis takes place (fig. 22). If Junker’s 
observations are correct therefore, this case furnishes contradictory evi- 
dence to our thesis, for despite the lack of a partner for the sex chro- 
mosome, no heteropycnosis occurs in certain of the cells. 

Special cases: Here may be mentioned the cases of the males of 
certain Aphididae. In the cases considered by von Baebe (’08, ’09) no 
heteropycnosis was observed in the spermatocytes of the males, although 
they seem to carry sex chromosomes without homologous partners The 
figures given by Morgan (’15) in his account of Phyllaspis eoweni 
however show what appears to be a chromosome nucleolus in the early 
growth stages of the primary spermatocyte. Moroan however did not 
analyze this body. After the first spermatocyte division the evidence 
IS clearer, and before the second division is initiated, the tendency 
toward heteropycnosis in the unpaired X is quite noticeable. 

If all this evidence is summed up it is fairly clear that no con- 
clusive case against our thesis is available. Generally speaking it stUl 
holds that heteropycnosis occurs in chromosomes that have no homo- 
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logons partner. Evidence against this conclusion is with few exceptions 

counterbalanced by other evidence from different sources or else is based 
on instances which present Tery special conditions. But as has been 
implied already, such a conclusion does not go very far in uncovering 
the underlying causes of heteropycnosis. _ 

However, one further step is possible on this basis. Among the 
many forms in which sex chromosomes can not be identified at all, there 
are a few in which genetic evidence justifies the conclusion that one 
sex is heterogametic as in all cases where sex chromosomes have been 
cytologicaily demonstrated. That is the case for instance in several 
species of fishes, where WiNGE (’22 b) and Aida (’21) have shown that 
in at least one pair of chromosomes of the male the genes are not ex- 
actly equivalent — in other words these animals are heterozygous for 
certain genes. The fact that no heteropycnosis occurs (WiNGE, ’22 a) 
in these males demonstrates clearly that heterozygosity of genes does 
not constitute the inequality in a pair of chromosomes that would bring 
about heteropycnosis. Such inequality or lack of homologousness must 
therefore rest on something else, either in addition or independently. 
It may be suggested that a loss of certain genes would here furnish a 
promising subject for consideration. Whether this loss takes the form 
of a disappearance of certain parts of the chromosome involved, or 
whether it makes its presence felt as a deficiency (Bridges, ’17) in 
which certain genes are absent as far as their genetic influence is con- 
cerned, is perhaps of little importance. The latter explanation would 
have to serve in those cases in which an XY pair is apparently iden- 
tical in size, and still undergoes heteropycnosis. Such losses of genes 
may very well disturb the reactions that must occur between the chro- 
mosomes of each pair at certain stages, and it is possible that tke 
greater the loss the more accentuated would be the heteropycnosis. 

But it must also be pointed out that heteropycnosis probably rests 
on more than one factor. This is demonstrated by the way in which 
it occurs in a few exceptional cases. In Enehenopa (KORNHAUSEE, ’14) 
there is an unequal XY in the male and this pair undergoes hetero- 
pycnosis in the preparatory stages of the spermatocytes. However it 
is to be noted that in this case the X condenses distinctly in advance 
of the Y (fig. 33). Again, in Tenodera (OgijmA, ’21) at a corresponding 
stage the Y remains condensed while the compound X forms threads 
(fig. 21). Finally in Pse^<^focGcc^^s (Schrader, ’23 a) five chromosomes 
undergo heteropycnosis while the remaining five do not (fig. 32). Only 
one conclusion seems valid in these cases at the present time. Hetero- 
pycnosis ‘can not rest solely on the fact that normal interaction is 
hindered or prevented by inequalities in the chromosomes concerned, 
but it must also depend to some extent on the constitution of the in- 
dividual chromosome. Without this last provision heteropycnosis should 
manifest itself alike in any two members of an unequal pair. 

As bearing on the nature of heteropycnosis in sex chromosomes, 
mention should also be made here of the consideration of Fick (’07) 
and Gutherz (’22). The former suggested that heterochroraosomes in 
general may have a chemical constitution different from that of the 
autosomes and that therewith they also exert a different influence on 
the metabolism of the cell. Gutherz who regards this idea sympathe- 


Secretion 


2B 


tically, reviews it in connection with his analysis of a heterochromosome 
in the mouse. The greater amount of nucleolar substance which arises 
irom the heterochromosome in that animal leads him to conclude that 
It must be more active chemically, while its spatial separation from the 

lest 01 tiie autosomes suggests to Mm a Mgher osmotic pressure in its 
vicmity. But although it must be admitted that this is a step in the 
right direction, the bases for Gutherz’s conclusions are not yet firmly 

esxaDiisiiecia 

All in all then we know astonishingly little about the cause of 
heteiopj'^cnosis. We know that it nearly always occurs when any chro- 
mosome has no homologous partner, hut why it occurs under such con- 
ditions IS still an unsolved question. Its answer no doubt involves a 
much more thorough knowledge of the structure and physiology of chro- 
mosomes than we now possess. 


SECRETION 

The interrelations of the various elements in the cell are to a 
large extent still obscure. It is to this fact that our lack of knowledge 
regarding the various inclusions that are usually called plasmosomes is 
to be^ attributed. Such bodies have repeatedly been observed in intimate 
association with the sex chromosomes and on such observations have 
been based various hypotheses bearing on the physiology of the latter. 

In considering such hypotheses, it must be pointed out however 
that autosomes also _ have been described as more or less constantly 
associated with certain bodies during preparatory stages. Thus Pinney 
(’08), Carothers (’13, ’17), Wenrich (16, ’17), and Gelei (’21) have 
described such association, and usually applied the term “polar granules” 
to the extra-chromosomal structures. When these first appear they are 
in the form of small granules that take a chromatin stain, but Werrich 
has observed that such polar granules may become enlarged, stain less 
intensely, and take on the appearance of true plasmosomes (fig. 18). 
It is impossible to treat here the numerous and scattered observations 
that have been made by others on the relationship of the chromosomes 
to cellular inclusions, but various aspects that are more directly con- 
nected with the sex chromosomes may be touched briefly. 

W orking on the spermatogenesis of JBlatta germanica, Wassilieff 
(’07) described two nucleoli which originate from the division of a single 
body. During the preparatory stages of the spermatocytes both nucleoli 
contribute to the mitochondrial mass situated outside of the nucleus, 
there being an actual stream of nucleolar material in that direction 
(„Abstromungsprozefi“). The smaller nucleolus is entirely used up in 
this manner, but of the larger a portion still remains when the auto- 
somal tetrads undergo final condensation. From this remnant and the stream 
of its material still inside of the nucleus, is formed the X chromosome. 
Buchner (’09) described a very similar process and Origin of the 
X chromosome in several other Orthoptera, but was inclined to believe 
that the X arose almost entirely from the intranuclear stream of 
material present when the „AbstromuDgsproze6“ is stopped, and not 
from the rest of the still solid nucleolus. Both of these accounts have 
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been subjected to much criticism. MOESE (’09) could find no such 
phenomena and MOHE (’15, ’16) has suggested that the stream of material 
obseryed by both of these workers represents nothing but the two atten- 
uated ends of the unpaired X chromosomes, which like the autosomal 
threads become polarized during the bouquet stage (fig. 3 and 4). Although 
Mohe seems to have given the real explanation of the matter, the fact 
remains that too many observers have observed the association of sex 
chromosomes and plasmosomes to dismiss offhand the possibility of a 
connection between them. 

Among the many cases in which a plasmosome is superficially 
attached to a sex chromosome (fig. 6 B) may be mentioned several Hemi- 
ptera (MONTGOMEEY, ’01b, ’06; WILSON, ’05 a, ’06 b), Aphrophora (BOEING, 
’07), Anisolabis (RANDOLPH, ’08), and several Orthoptera (DAVIS, ’08; 
Schellenbeeg, ’15) in addition to those already mentioned. As a rule 
such a plasmosome becomes separated from the X before the final con- 
densation of the tetrads and then disappears. Similarly Agae (’23) and 
Geeenwood (’23) both described a plasmosome which is attached to 
the fused X and Y chromosomes during the preparatory stages of the 
spermatocytes of certain Marsupialia (fig. 40 B). The appearance of this 
plasmosome suggested to Agae that “it is the persistent port of the 
bivalent from which the chromatin has flowed away into the rounded 
mass which forms the condensed sex bivalents: this appearance is 
strengthened by the fact that sometimes rounded granules or drops of 
chromatin are left in the plasmosome. In other cases it is pearshaped 
and is attached by its neck to the bivalent, irresistably suggesting that 
it has been squeezed out of the contacting chromosomes like a viscid 
fluid from a narrow aperture”. The secretion or extrusion of a plasmo- 
some was described also by Gutheez (’22) in the ease of the mouse 
and rat (although Gutheez does not regard the heterochromosome there 
as a sex chromosome). Paintee (’24 a) also described a process (in 
D2<fe(p%s) in the course of which the sex chromosome nucleolus is 
separated into an oxyphilic and a basophilic portion, but contrary to 
most other authors believed it to be an abnormal development. 

It is very possible that cases such as those just mentioned differ 
in no significant way from those in which sex chromosomes are par- 
tially or _entirely imbedded in a plasmosome instead of being superficially 
joined with it. An X chromosome partially imbedded in a plasmosome 
lias been described by Stevens (’06 a) in Anomoglossus spermatocytes ^ 
while in Blepharida, Odontota (Stevens, ’06 a) and CaUipkora (STEVENS, 
08a) both an X and a Y are similarly imbedded. Cases in which all 
the components of a compound X are found inside of a plasmosome 
have been described in several Hemiptera (Reduviidae) by Payne (’08, 
’0_9a, ’09b, ’10). The inference ist natural that we are dealing here 
with a karyosphere or amphinucleolus which is merely more restricted 
thamthe karyospheres in which are included all the autosomes as well 
as the sex chromosomes (fig. 7). But the exact relation of the plasmo- 
somic material to the sex chromosomes is still a mooted question. 
Goldsmith (16)^ suggested that in PselUodes where the four compo- 
nents of the X chromosome are imbedded in a large plasmosome during 
certain staps of the_ spermatocytes, the plasmosomic material is ident- 
ical in substance with the Hnin found in the more general nuclear 



I'lg. 7. Priomdus crisiatus (Payne, ’09 a ) — a Spireme stage following synapsis in first 
sperraatocyte, showing compound sex chromosome and plasmosome, 6 Breaking up of 
sex chromosome, with plasmosomic material around it. c Pusion of plasmosome with 
compound sex chromosome, d The four components of the compound X separated from 
each other, e Prophase, showing stage in which the components of the X have left 

the plasmosome. 

in their chemical processes, and such a conclusion is indeed reached by 
Guthebz (’22) in regard to the heterochromosome that he described in 
the mouse. Although this possibility is not to be discarded without 
further investigation, it may be well to suggest that hypotheses directly 
opposed to that of G-uthbrz might be based on the same observations. 
Thus it seems possible that there is some interaction between the 
chromosomal constituents and some other cell constituent. In the case 
of the autosomes this interaction occurs smoothly, but the sex chromo- 
some I’eacts more slowly and as a consequence there is an accumulation 
(the attached plasmosome) of the extra chromosomal constituent. But 
such a possibility is suggested merely to show how helpless we are in 
our hypotheses of chromosome physiology vnthont additional knowledge 
of a basic sort. 
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nminii’ substance merely accumulates around the com- 

plasmosome has the same function that 
material network, namely to support the chromatin 

granules” already mentioned are really related to 

SLT t ^ ^ question, a possible significance may 

attach to the fact that such polar granules when attached to autosomes 
seiaom attain the size_ of the plasmosomes associated with sex chromo- 

ni6s. iliis may indicate that the sex chromosomes are more active 
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Finally, it must not be forgotten that in some cases at teast there 
is a possibility that we are dealing with nothing but an artifact. The 
plasmosome may indeed be squeezed out of the sex chroinosomes ^ as 
Agae suggests, but this may be the result of the action of the fixing 
fluid on the chromatin. 


THE RELATION OF SUPERNUiERARIES TO SEX CHROiOSOiES 

The occurrence of supernumeraries or extra chromosomes concerns 
us chiefly because of the possibility that they are in some cases deiived 
from the sex chromosomes or else have an origin similar to that of sex 
chromosomes. Such supernumeraries have been studied especially by 
Wilson in the course of several of his earlier investigations and his 
conclusion in regard to their’ origin may best be summed up as he 
does himself (’25a), that is, that they arise through “the failure of 
sister-chromosomes to separate in an ordinary equation division” or “the 
failure of two synaptic mates to separate in the reduction division and 
their passage together to one pole of the spindle”. 

A similar origin may he ascribed to the extra autosomes in such 
cases as the 15 chromosome mutants of Oenothera, the various extra 
chromosome forms of Datura^ and forms of Drosophila with an extra 
fourth chromosome. The presence of supernumerary autosomes may have 
a profound effect on sex determination and this will be considered later, 
but at present only supernumeraries which may stand in some relation 
to sex chromosomes are under discussion. 

In this connection may be mentioned especially the case of Meta- 
(Wilson, ’07a, ’07 b, ’07 c, ’09 b, ’09 e, ’10 a). It was found that 
the^ normal diploid number of chromosomes, which is 22 , may in some 
individuals be increased to as high as 28. The extra chromosomes betray 
their relationship to sex chromosomes in undergoing heteropycnosis like 
the X and Y and in uniting with these sex chromosomes to form a 
single chromosome nucleolus during the preparatory phases. Such be- 
havior is by no means general in all extra chromosomes , for super- 
numerary or extra m chromosomes never become united with the sex 
chromosomes. In the first spermatocyte division the supernumeraries 
here in question divide equationally just like the sex chromosomes of 
Metapodius, while in the second spermatocyte division they again simulate 
the X and Y in passing undivided to one pole. In most cases their 
distribution in this last division follows that of the Y and often the 
supernumeraries may actuaUy be coupled with it at this time (fig. 8). 
Since Wilson had already discovered a specimen lacking a Y chromo- 
some altogether, without any visible effect on the animal, and since 
even the greatest number of supernumeraries similarly had no influence 
on the morphology of the animals, he suggested that not only is there 
a good deal of evidence that supernumeraries are closely related to sex 
chromosomes, but that they may be still further diagnosed as partaking 
more of the nature of the Y than the X. This would of course receive 
support from his findings that in most cases the supernumeraries ac- 
company the Y and not the X in the he terokinetic division. Wilson’s 
hypothesis that such extra Y chromosomes arise through non-disjunctiori 
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was later strengthened by direct observation (Wilson, ’09 e) on indi- 

Se"?in Y goink to the’ same pole Sh 

the A in the^ heterokinetic division. Finally Wilson nointed out that 

probably degenerating— a process 
MrlJr fiShro.“ ^ ^ attended by any other visible results since his 
nf had already demonstrated that in Metapodius the lack 

of even the regular Y has no effect on structure 

urohnWv (’07 c) iu Banasa calva 

probably have the same origin as those of Metapodius. The status of 

the supernumeraries that Stevens (’08 b) described in Diabrotiea soror 
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Ei|. 8. Metapodius termimlis (Wilson, ’06) -a Metaphase of first spermatocyte. 
0 Spermatogomal metaphase including one supernumerary, c Condensation stage of 
hrst spermatocyte showing supernumerary attached to Y. d Metaphase of first speriato- 
cyte showing two supernumeraries. « Condensation stage of first spermatocyte showing 
two supemmneraries attached to the XY pair {p — plasmosome; s ~ supernumerary ; 

Z = X chromosome; e = Y chromosome). 

n 

is however not so clear. It is true that as in Metapodius they simulate 
the unpaired sex chromosome of the male in undergoing heteropycnosis 
in the preparatory stages of the first spermatocytes, and also in passing 
undivided to one pole in one of the meiotic divisions. But it is plain 
that here the supernumeraries can not represent Y chromosomes that 
can be traced to a process of non-disjunction, since the males of Dia- 
proUca carry no Y. On the other hand a very striking feature of the 
case lies in the fact that when supernumeraries are present the normal 
X of the male often elongates and forms a short thread in the growth 
stages, whereas without supernumeraries it remains condensed and 
spherical. This behavior suggests that the supernumeraries dre in some 
way homologous to the X, and that as a consequence the latter approaches 
more closely to the behavior of the paired autosomes or else the paired 
X chromosomes of the female. At the same time it is clear that if the 
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supernumeraries are actually related to X chromosomes, they have lost 
the properties that influence sex or any other character. A similar ex- 
planation may account for the extra chromosome found by Eobertson 
(17) in one male of Tettigidea ^arvipennis. This supernumerary was 
found to behave in every essential like the X (which in normal males 
is unpaired). Its distribution in the heterokinetic division is entirely at 
random, and it may go to the same pole or to the pole opposite to that 
of the regular X. Since its presence evidently had no noticeable effect 
on the male in question, it seems fair to conclude with Robertson 
that it may represent an X that has lost its sex genes. Possibly that 
is borne out by the demonstrable fact that it is shorter than the normal X. 

The evidence is thus fairly strong that supernumeraries may in 
some instances take their origin from sex chromosomes. But how they 
become non-functional with respect to sex determination is a problem 
in itself, and perhaps one not different basically from that in which the 
nature of the Y chromosome is involved. 


COMPOUND SEX CHROMOSOMES 

Mention has already been made of the fact that in some forms the 
X chromosome is represented by more than one element. A compound 
y is apparently much more rare, and except for Fseudoeoccus (Scheadee, 
’21, ’23 a) in which we are still not certain of dealing with a Y chromo- 
some at all (fig. 32), and possibly Odontota (Stevens, ’06 a) where 
certain individuals perhaps present a compound Y as an abnormality, 
there are on record only the instances of Bumex (Kihara & Ono, ’23a,b; 
Sinoto, ’24) and, if Seilee’s interpretation is correct (^ 13 ), Phragma- 
tobia (fig. 34). In Rumex. the Y has two components, while in Phragma- 
tobia the heterogametic female has a W (which corresponds to the Y 
of forms in which the male is heterogametic) which is single at the be- 
ginning of the meiotic divisions but may break up into two or more 
components in the early development. 

Although in most known cases of the compound X a Y (always a 
single element) is also present, there are some well established instances 
in which the compound X has no partner- for example Syromastes 
(Wilson, ’09a,_d) and several specieb of Laeertilia (Painter, ’21a) 
(fig. 38). ^ But with or without a partner, the compound sex chromosome 
behaves in all essential respects like the more common single sex chromo- 
some. Whereever a more detailed analysis has been possible, the com- 
ponents of the compound X have as distinct an individuality as unit 
chromosomes and their number and relative size is constant except 
during the phases when they may fuse. The behavior that characterizes 
unit sex chromosomes during meiosis is found also in the case of com- 
pound sex chromosomes. If a Y is present the brief apposition often 
noted as taking place between unit X and Y chromosomes, may occur 
here also (as in Flaps- — ^Nonidez, ’20), while the more complete union 
as evinced by the combination of X and Y in a single chromosome 
nucleolus during the preparatory stages is parallelled by such cases as 
Tmodera mA Paratmodera (Oguma, ’21). In the reduction division, 
even in those cases where the components of the X have remained 
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separated^ throiiglioiit 5 they act as a unit and always pass- to the same 
pole, it IS preceding this division that the relation of the various com- 
ponents to each other is most often betrayed, for they then very often 
form groups of a fairly definite configuration and show that a bond of 
some sort^ exists between them (as shown by Payne in several Re- 
duviidae) (iig. 30). But even if no such configuration is observable, it 
IS clear that during the reduction division at least the components of 
the compound X are not entirely independent of each other. Without 
^ 1 some sort random segregation might be expected to occur 

and me resultant gametes should then carry a varying number of X com- 
ponents something which is not found to be the case under normal 
conditions, 

• collocation or fusion of X components during meiosis has an 

indirect bearing on the analysis of the forces that are instrumental, in 
bringing together the partners of ordinary chromosome pairs during 
synapsis. As usually presented, such pairing is held to he due to the 
fact that the two participating chromosomes are homologous to each 
other a rather noncommittal statement. A consideration of compound 
chromosomes however advances us one little step. If the forces in- 
strumental in pairing are identical with the forces that cause collocation 
of the X components during meiosis, it may safely be assumed that the 
homology here in question does not rest on the fact that the two chromo- 
somes carry corresponding or allelomorphic genes. The nature of most 
compound X chpmosomes makes it almost certain that they are the 
parts of an originally single chromosome and therewith falls the possi- 
bility that identity of genes carried in them can be held accountable 
for collocation. 

The belief that the sex chromosome of several components arises 
in most cases from a single or unit chromosome is based primarily on 
such cases as that of Notoneeta (Browne, 10, 13, 16). In several 
species of this genus a more or less typical XY pair is found in the 
male, hut in N.indiea the X chromosome shows certain special features. 

Thus during meiosis it shows constrictions which cause it to appear as 
a chain of chromatin bodies. The latter never exceed six in number^ 
and typically there are five smaller and one large element (fig. 28). 

Although the separation of these elements from each other never becomes 
complete, the true compound condition is often very closely approached 
in those instances in this species where only the merest thread connects 
adjoining elements. A slightly different aspect is presented in Phylloxera 
eary aecaulis (MOEGAE^ ’09, 12, 15) where the X is an apparently single 
or unit chromosome for the greatest part of the cycle, but at time breaks 
up into two smaller elements and thus betrays its compound character 
(fig. 31). In most other cases the conditions are reversed and the com- 
ponents of a compound X are separated at all stages except meiosis. 

Cases in which the X shows two components for all or the major part 
of the cell cycle are found in Syromastes marginatus, Agalena naevia^ 

Lepisma domestieay several Lacertilia, calceatofy Fitchia spinu- ^ 

losa^ Mocconata annulicorniSy Conorhinus sanguisugus, Tenodera super- i; I 

stitiosay Paratenodera aridifoliay Belascaris triguetra, and Qanguleteralch 

An X of components has been described in three Re- !; ;; 

duviidae (PnonMw^ cristatus, Sinea diademay Pselliodes einctus): an X : • 
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of four elements in PmronUs modesta and. iremszocou-b cwi ^ 

of fire elements in Aeholla multispinosa, Sinea rileyi, ^Ascam lumbn- 
coides, and possibly various species of Pseudococeus-, an X six elements 
in Asearis canis (fig. 13); an X of 8 elements in Ascaris (Contraeaecum) 
ineurva; and finally an X of possibly even more than 8 elements m 
Ascaris megalocephala. When all these cases are considered in detail , 
Wilson’s conclusion (’25 a and earlier) that the X even in typical cases 
consists of several components but that these are nomally firmly united, 
can become only more firmly established. The visibly compound X is 
then only a manifestation of a dissolution of the bonds that in other 
cases serve to make the X appear as a single chromosome. 

It is however only fair to point out that although the origin of a 

i clear in most cases, 
Thus although in Pseudococeus 


compound X from a unit sex chromosome seems 
there may be exceptions to this rule. _ 

there seems to be an X of five components, it is an exceptional feature 
of the case that these five components are all of exactly the same size 
(fig. 32). That, with the questionable nature of this so called X and 
certain other features creates the possibility that we have here only a 
simulation of the compound sex chromosome. As has already been 
pointed out (Schradee, ’23 a), each of the five elements in question 
may represent a unit chromosome, and therewith we have a slightly 
different condition than that here in consideration. 

In no other connection is there so great a temptation to utilize 
known cases in the construction of “evolutionary series”. Starting with 
the X in the unit condition, such a series can arrive by gradual steps 
at the condition in which the X is composed of many components. If 
the conclusion derived therefrom is that in all probability the compound 
X is basically a single chromosome no objection can be made since a 
detailed analysis only supports such a generalization. But it must be 
realized that such a series throws no light on how and at what rate 
the breaking up into components occurred. 

It is perhaps unnecessary to mention that autosomes like sex 
chromosomes may at times betray a compound character. Usually the 
components of such autosomes are separated in the somatic divisions, 
but come together during meiosis (Carothers, ’13, ’17; Hancb, ’17, ’18; 
Seiler, ’22; Seiler & Haniel, ’21). It is not so certain that the 
meiotic chromosomes of the Hymenoptera belong here. It is true that 
such chromosomes break up into smaller components with great regu- 
larity after the meiotic period, but as in Pseudococeus the components 
are remarkably alike in size, and as in Pseudococeus we are not certain 
of the status of sex chromosomes in the species involved. To be sure 
it is quite possible that these cases deserve no special rank, but it also 
not entirely inappropiate to draw attention to their peculiarities. 


MULTIPLE CHROMOSOMES INVOLVING SEX CHROMOSOMES 

The adherence one to another of chromosomes belonging to different 
pairs has been observed in a number of cases. The multiple chromo- 
somes thus formed always involve certain definite members of the chro- 
mosome group, and usually show great constancy during certain phases 
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a*"® concerned here only 
ro.tf?hP S chromosomes which include sex chromosomes, al- 

are L louM SiS rth SL 
instrumental in purely autosomal ^ 

multiple chromosomes. 

The clearest and most strik- ^ 

ing cases have been found among 

the Orthoptera. As early as 1901 ^Bk. 

deSinett described in several ® Mfl 

genera, notably Leptynia, the ^ 

coupling of the X with ‘one of the 

autosomes. Similar multiple chro- 

mosomes were found by Me Clung 

(06, ’17) in Anabrus, Mermiria, k' 

and three species of Hesperotettix 

(fig. 9). Although in most of these K ^ V ? . ^ 

cases the coupling takes the form k^J 

of an end to end attachment, this kk 

is not always the case. Sespero- 
tettix pratensis for instance in- 11 

eludes individuals in which certain Wftk. k .-"-r"-:-' 

cells show the X adhering to an 

extension^ of an autosomal tetrad 

and not its end, and a similar 

attachment has been observed in 

Anabrus. 

It is of some interest to note 
that as Me Clung pointed out in 
1906, the _ multiple chromosome 
in cases like Mermiria bivittata k-y' 

is apparently a permanent com- ^ f 

bination and no dissociation of 

the chromosomes involved occurs | 

in any of the cells. This in turn <\--i:'/ 

implies that since in the Ortho- 

ptera the odd X of the males is 

always in the female producing 

gamete, the partner of the auto- 

some to which it is so perma- O 

nently attached is confined to the 

male line. Fig. 9. Hesperotettix speeiosus (Me CLUNG, 

So far as the cytological r “ multiple chromosome in 

evidecce goes, the behavior of .pSLriS’ar.. ISj 

CiirOfllOSOniCS involved in the mul- chromatids of multiple chromosome separated, 
tiples is not affected by the coup- ^ Multiple chromosome isolated, 

ling. As a conseqnence we find 

that in the meiosis of the male the attached autosome undergoes all 
the preparatory changes that occur in its free partner and the other 
autosomes; that it forms with its free partner a typical tetrad and 
that the latter undergoes two maturation divisions of the normal type. 

Zelien- u. Befrucktungslelire hrsg. V. Buchner; I: Schrader 3 
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Fig. 9. Hesperotettix spedosus (Me Clung, 
»05) — a Hexad multiple chromosome in 
prophase of first spermatocyte, b Telo- 
phase of first spermatocyte division showing 
chromatids of multiple chromosome separated. 
c Multiple chromosome isolated. 
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The attached X which of course has no partner, is subject to hetero- 
pycnosis just as a free X would be, and dmdes in only one of the 
maturation divisions. The little evidence available indicates that the 
attachment of the X to an autosome is not confined to the males, for 
in the females where two X chromosomes are present, both are coupled 
with the autosomes corresponding to that involved in the male (in 
Mermiria bivittata). 

In some other forms there also appear to be multiple chromosomes 
but the cytological features are not so well known, or are complicated 
by other circumstances. Thus the X of Asearis megaloeephala is united 
with an autosome in such a way that normally there is no indication 
of its presence, but the case is much complicated by the compound 
character of all the chromosomes. In Anopheles punctipennis^ STEVENS 
(’11a) reported that the X and Y of the male are attached to a certain 
pair of autosomes, and as in case of the Orthoptera mentioned above, 
the character of the autosomes and sex chromosomes involved is not 
altered through the association (fig. 10). In Neeturus maeulosus^ King 


Fig. 10. Anopheles punctipennis {^TEYEm, ’ll a )— as Oogonial plate with two multiples. 
0 bpematogonial plate with two multiples c Growth stage of first spermatocyte 
(sex chromosomes marked X without distinction). 

(’12) described in the spermatogenesis an antosomal bivalent of neculiar 
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5 an autosomal 
end and possibly a Y at tbe other. 


conformation. According to her interpretation it represents 
tetrad with an X attached at one t ’ ' 

The evidence is manifestly incomplete, and the case merits further in- 
yesti^gation. The case of Blaps (Nonidez, ’20) may also be mentioned 
in this connection, for although Wilson (’25 a) suggested that the male 
has ID this case a compound X of four components opposed by a sinffle 
Y, Nonidez himself inclined to regard the peculiar cLplex in 
^ single X united to four autosomes during meiosis (fig. 23 

As already stated multiple chromosomes involving only autosomes 
may also formed (as in the cases of Notoneeta insulata, HesperotetUx 
spectosusmi Chortophaga vzndifasciata). Correspondingly, multiple chro- 
mosomes composed of s^ chromosomes only are encountered. Such cases 
o" melamgaster by L. V. MORGAN (22,’ 25) 

Anderson 25) and Sturtevant (Morgan, Bridges and Sturtevant 
45). in all of them two X chromosomes are coupled and the multinle 
chromosomes thus formed are therefore composed of homologous chro- 
mosomes, nn contrast to the cases mentioned previously WMle^^^^^^^ 
cytological evidence alone is sufficient to show that the two X chromo- 
somes are attached to each other at one of their ends, the irenetiv 
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turmsh the additional information that it is the two so called right ends 
that are coupled. As might be expected, crossingover between the X 
thus associated, is affected. In the same species Steen 
( 26b) has reported the interesting aberration of an X und a Y attached 
to each other (fig. 25 c). 

Finally may be mentioned such special cases as that of Physal- 
optera (WALTON, ’24) and Gryllotalpa borealis (PAYNE, ’12b, ’16). In 
the former both sexes during meiosis show a constant association be- 
tween the sex chromosomes and a certain one of the autosomes, a fea- 
ture especially striking at the time when the sex chromosomes lag on 
the spindle of the first spermatocyte and oocyte divisions. This beha- 
vior is not unlike that observed by Goodrich (’16) in Contracaeeum, 
but in the case of Physalopfera absolutely no bond of any kind is vi- 
sible between the two chromosomes that form the association. It is to 
be considered of course that there is a possibility that these two chro- 
mosomes are simply subjected to the same influence which ordinarily 
induces lagging only in the sex chromosome. The nature of the asso- 
ciated chromosomes in Gryllotalpa borealis (fig. 20) is not sufficiently 
clear to justify even a conjecture. 

It will be seen from the above considerations , that the factors 
which bring about the formation of multiple chromosomes of any kind, 
are still obscure. But it is also apparent from the progress made in 
the genetic analyses of the coupled X chromosomes in Drosophila, that 
in the future the tools of the geneticist may aid the cytologist con- 
siderably in the solution of this problem. 


PRECESSION AND SUCCESSION 

In the heterogametic individuals of some species the sex chromo- 
somes are characterized by a distinctive behavior in the heterokinetic 
division (the division in which there is a differential distribution of the 
sex chromosomes). This behavior, covered by the terms “precession” 
and “succession”, is so striking that several observers have made it 
their chief and perhaps only criterion for the recognition of sex chro- 
mosomes. But such a proceeding is certainly not safe in view of the 
fact that other chromosomes may also, though less frequently, show 
precession or succession. Thus Wilson (’09 b) states that in Metapodius 
the m chromosomes usually lead the way in the march to the poles in 
the first spermatocyte division, and among the Orthoptera are many in- 
stances in which autosomes lag behind or precede the main group during 
the meiotic divisions. 

Although the behavior is thus not specific for sex chromosomes, 
its more general occurrence is not an indication that its occurrence is 
governed by accident. On the contrary, as far as the sex chromosomes 
are concerned, such exceptional behavior during heterokinesis if occur- 
ring at all is nearly always remarkably constant for any one species. 
Thus in the majority of Orthoptera the X of the males always precedes 
the autosomes to the pole in the heterokinetic division (fig. 3, 18, 19 
and 20). On the other hand most Hemiptera show the sex chromosomes 
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lagging behind the autosomes in this division (fig. 2, 28 and 29). Ex 
ceptional species occur in both orders, and thus Forficula ^ong the 
Orthoptera shows the X lagging while Syromastes a.mong the Hemiptera 
is an example of precession. But whatever the behavior of the group 
as a whole may be, the separate species are quite consistent and con- 
stantly show only one of the alternatives — except for the case of 
Vandusea (BORING, ’07) in which apparently either precession or suc- 
cession may occur. . , 

None of the explanations advanced in connection with tnis De- 
havior are fully adequate. Thus it may be assumed that in the meiosis 
of male Orthoptera, the X precedes the autosomes to the poles simply 
because it condenses sooner tbian they and is therefore ready for 
mitotic distribution at an earlier time. But heteropycnosis also cha- 
racterizes the sex chromosomes of the males in Hemiptera, and 
there as already mentioned the more common phenomenon is lagging 

or succession. , , r .li r 

Or, a succession may be brought about by the fact that for some 
as yet unknown reason the equational halves of the sex chromosomes 
are parted from each other only with difficulty. Thus Phottnus con- 
sanguineus (Stevens, ’09 a) shows the X dividing long after the auto- 
somes have been divided, and although division finally occurs, there is 
the strong suggestion that the slightest further retardation would cause 
the X to enter only one cell (Wilson, ’26 a). However, this cause can 
not be universally responsible, for again in Orthoptera where no equa- 
tional division of the X occurs in the first division and which therefore 
might be regarded as an extreme retardation in the separation of the 
equational halves of the X, precession and not succession is the common 
phenomenon. 

To attribute precession or succession to the fact that the chromo- 
somes involved have no equivalent partner and are therefore hindered 
in some way in following the normal type of division, is not striking 
very deeply for a solution. Certainly, the extremely irregular distribu- 
tion of the chromosomes in the meiotic divisions of hybrids would tend 
to support such a hypothesis, and there it seems fairly certain that 
lack of homology is accountable. But it must not be forgotten that 
lagging for instance has been observed in the case of some chromo- 
somes which are almost certainly partners — as for instance in the 
case of the two X chromosomes of the males of Phragmatohia (SEILER, 
’14). Indeed, neither pairing or any other meiotic phenomenon may be 
entirely responsible, for in Tenodera, Oguma (’21) has described a lag- 
ging in the spermatogonial divisions. 

A lagging of the lai^e X chromosomes in the homogametic females 
of Physaloptera led Walxon (’24) to suggest that it is purely the 
mechanical difficulty involved in the division of a greater mass that 
might be responsible for some cases of lagging. But again, this can 
be true of only some of the cases since too many instances are known 
in which tiny sex chromosomes lag behind much larger autosomes and 
large sex chromosomes precede smaller autosomes to the pole. 

Despite the volume of information on the question as a whole, it 
is thus quite evident that our knowledge of the deeper lying factors 
involved, is a very slim one. 
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SIZE OF SPERMATOZOA AS AFFECTED BY PRESENCE 
OF SEX CHROMOSOMES 

In cases where a cytological study of the meiotic divisions permits 
the conclusion that two kinds of gametes are formed, there is a possi- 
bility that this digamety may he reflected in some morphological way 
in the mature gametes. In very few instances only do the mature 
gametes show chromosomes, as in Ancyraeanthus (Mtjlsow, ’12). Chromo- 
somes as such can therefore not serve as a basis for differentiating 
mature gametes , and efforts to distinguish two kinds of gametes have 
therefore taken another direction. In individuals showing either the 
XO or an unequal XY condition, it is clear that the cells after reduction 
must differ in the amount of chromatin carried. If this difference can 
be recognized in the mature gamete, a basis for differentiation is given. 
Measurements have been confined almost entirely to the spermatozoa, 
not only^ because the male is usually the heterogametic sex but also 
because it is generally assumed that all of the chromatin carried by the 
sperms is contained in the sperm head and is usually in a compact and 
dense condition, while another consideration lies in the fact that large 
numbers of sperms can usually be obtained. 

Unfortunately a critical examination of most of the investigations 
of this kind is conducive to an attitude of scepticism. In the majority 
of cases only the length of the sperm heads is considered. There is no 
reason to doubt that using this measurement, the frequency distribution 
of the size groups oi the sperms shows a bimodality in many cases 
(fig. 11), but that this is due to the presence or absence of an X or 
the unequal size of X and Y, is not always so certain. 

In instances like that of Ascaris (Contracaecum) ineurva (GOODRICH, 
’16), in which a compound X constitutes a large portion of the total 
amount of chromatin present, its presence or absence may well be re- 
flected in the size of the sperm head , and this expectation is realized. 
The bimodal curve derived from the measurement of the volumes of 
600 sperm nuclei showed maxima having the ratio 1.4 to 1, and this 
result compares well with computations based on volumetric measure- 
ments of the two kinds of metaphase groups of chromosomes in the 
second spermatocytes (those with a compound X and those with the 
unit Y). 

Reports of a dimorphism of spermatozoa in the vertebrates are 
founded less securely. Guyee (’09 b) was one of the first to claim that 
there are two size-classes of sperms and that the presence or absence 
of a sex chromosome is to be held accountable for their existance. This 
conclusion, based on his study of the spermatogenesis of the domestic 
chicken (O-allus), was however retracted in 1916. But GUYER’s first 
findings received a whole series of substantiations in other vertebrates, 
the claims, as in Guyer’s own case, being usually based on measure- 
ments of the length of the sperm heads. Here may be mentioned the 
work of WODSEDALEK (’13 b, ’14, ’20) on pigs, horses and cattle; 
Malone (’18) on dogs; and more recently Parers (’23) on rodents and 
man. Taking Wodsbdalek’s investigation of the pig (’13 b), it is found 
that the curve plotted on the basis of measurements of the length of 
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sperm heads is distinctly bimodal, the two maxima showing the ratio of 
1.2 to 1. On the basis of WODSEDALEK’s own findings that the chromo- 
somes carried in the two types of sperms are 8 -|- X' -j- X“ and 8 re- 
spectively, and that each of the two components of the compound X is 
only slightly smaller than the autosomes, this size dimorphism is just 
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Fig. 11. Anasa tristis (Zelei^ & Faust, leigth 

of sperm heads from a right 6 left testis, 

about what might be expected. On the other hand, when it is con- 
sidered that since that time BLaitoe (’17 b) has demonstrated thp,t 
WODSEDALEK’s counts are far from correct and that the haploid number 
is 20 and not 8 or 10 as submitted by WODSEDALEK, our faith in the 
interpretations of the latter worker can not but be weakened. Indeed, 
with the possible exception of Wodsedalek’s account of the chromo- 
somes in cattle, a very similar objection can be upheld in connection 
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with the other cases of mammals ia which dimorphism ia the length of 
sperm heads has been correlated with sex chromosomes. The recent of 
work of Painter especially has shown that in nearly every case the 
number of chromosomes actually present is considerably higher than that 
given by the earlier investigators of mammal chromosomes, and moreover 
that the sex chromosomes are usually by no means larger than the auto- 
somes. Therewith it becomes manifest that the amount of chromatin in 
the sex chromosomes ^ constitutes only a very small proportion of the 
total amount, and if it is considered that there is a perceptible amount 
of variation in size plainly due to other causes, the whole question gains 
a very dubious aspect. 

In insects, where the chromosome conditions are better known, 
metrical studies on sperm heads have been reported by Faust (’13), 
Zeleny and Faust (’14, ’15 a, ’15 b), and Zelent and Sbnay (’15). 
Their general conclusion supports the view that sex chromosome dif- 
ferences are reflected in the length of the sperm heads (fig. 11). As in 
the cases of vertebrates, there can be no -doubt that the dimensions of 
the sperms do vary and this point had been established as early as 
1910 by Montgomery. But even earlier (’98) this same author had 
called attention to the fact that the size of spermatocytes varies in 
different lobes of a single testis. This point has been taken up by 
Bowen (’22 b) who demonstrated that the variation in the size of 
spermatocyte cells is considerable, and that the sperms produced from 
neighboring lobes may differ correspondingly. As BOWEN pointed out, 
factors such as these were not taken into account by Faust and his 
fellow workers, although it is obvious that thereby a dangerous source 
of error is introduced. 


A diversity in the size of spermatocytes and sperms has been 
mentioned also by Blackman (’05 a) and Bouin (’20, ’22), neither in- 
vestigator attributing this variation to the chromatin contained in sex 
chromosomes. 

The whole subject is evidently not well settled. In cases where 
the sex chromosomes carry a great fraction of the total volume of 
chromatin, the sperms may well show by their size whether or not they 
carry an X, a Y, or no sex chromosome. In other cases however, com- 
plicating factors have plainly not been considered with sufficient caution. 


SYNAPSIS OF THE X AND Y CHROMOSOMES 

That the X and Y chromosomes differ in some essential respects 
from the normal autosomes, is sufficiently borne out by the fact that 
they usually do not participate in the t 3 T)ieal synaptatene stages or the 
formation of tetrads. Nevertheless there are indications that the forces 
which bring about a conjugation of autosomes may also be present, to 
some extent at least, in the sex chromosomes. 

Obviously in the case of the XO condition, no such manifestation 
can be expected. However, forms in which a Y is present have furnished 
some interesting observations in this connection. In many instances 
there is a distinct tendency for a coming together of the X and Y 
during the growth stages. The association may be a very temporary 
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one as in case of Oncopeltus and Lygaeus (WILSON, ’09a, ’12) where 
' the more or less condensed sex chromosomes are in contact with each 

! other during the synaptatene stages (fig. 2). In some cells of these 

■ forms no such union of the sex chromosomes takes place, but the union 

is too common to be merely accidental. The nature of the union is not 
’ clear, but apparently it is only a superficial contact in which the X and 

) T can always he definitely differentiated from each other. In other cases 

j (fig. 12) the union that occurs during the growth stages of the meiotic 

( period is a more intimate one (as for instance in Didelphis , — Paintee, 

? ’24 a) and the X and Y are contained in a single chromosome nucleolus. 

1 But again, cytology furnishes no evidence as to any possible interaction 

* between the two sex chromosomes while thus united, although the joined 

i X and Y may enter the primary spermatocyte spindle in the semblance 

I of a tetrad. The inequality of the two partners is usually quite manifest 

fi in these structures and such tetrads need not necessarily indicate any 

preceding synapsis stages. 

There appears to be no correlation between the behavior of the 

I sex chromosomes in the preparatory stages and the actual meiotic di- 

visions. Usually the X and Y have a fairly constant position with 
respect to each other in at least the metaphase of that division which 
' is for them reductional. In most cases no relationship is apparent 

■ between them in the metaphase of their equation division. Thus in 

many Hemiptera where the first meiotic division is equational for the 
sex chromosomes, the latter are located at random and separated in the 
first metaphase plate even when they have been joined in the preparatory 
stages (fig. 8). It is only in or after the last anaphase period of this 
,, ■ division that they come together. This contact is not broken until the 

;,J second division has been initiated and the X and Y pass to opposite 

0 poles. In some instances this contact represents the only form of con- 

® jugation undergone by the XY pair. 

I’,' In a corresponding way, if the first meiotic division is reductional 

for the sex chromosome pair, the X and Y take a definite position with 
respect to each other before this division is initiated even if they have 
been separated from each other throughout the preparatory phases. 

' ; It is a question whether the brief contact which the X and Y 

( undergo in some cases while an actual division is in progress, is of a 

synaptic nature. Such a coming together is perhaps parallel to the 
second pairing of the autosomes of such forms as Lepidosiren (Agar, ’ll). 
Here a perfectly typical conjugation of the chromosomes in pairs is 
followed by their separation, and a subsequent second pairing which 
occurs when the spindle is already formed. Just as in the case of the 
brief pairing of the X and Y chromosomes, the second pairing oi Le- 
pidosiren is almost immediatly terminated by the separation of the 
partners in the division. Whatever the significance of the second pairing, 
it does not appear to be of the synaptic character that is to be observed 
in the first and typical conjugation, and it is to such a second pairing 
that the coming together of the X and Y on the spindle may perhaps 
be compared. 

j In only the most isolated cases has anything approaching typical 

1 . synapsis been reported in the XY pair. Thus the X and Y of AJncAmqjpa 

(Kgrnhatjser, ’14) after uniting end to end, bend around and come to 




Fig. 12. Didelphis virginiana (Painter, ’24 a)— a -Confused stage showing sex chromo- 
some as chromatin nucleolus (c), and true nucleolus (d). b Early diakinesis. c Primary 
spermatocyte showing X and Y chromosomes. 


such iuteractiou apparently does not occur for no crossing over of any 
kind has been reported for the male. But this is not a universal con- 
dition, for in the heterogametic males of fishes crossing over has been 
observed between the X and Y (Wince, ’22b, ’23a; Aida, ’21). Whether 
this difference between these two forms is related to the fact that the 
X and Y of Drosophila diie unequal (fig. 25), while in the fishes the 
and Y form an equal pair like all the autosomes (WiNGE, ’22 a), is not 
clear. If there is some such relation, it would have to be assumed that 


lie side ^ by side. But despite the fact that these two sex chromosomes 
form fairly long threads it is doubtful whether a true synaptic process 
occurs, for Koenhauser observed that the X is always slightly more 
condensed than the Y at this stage (fig. 33). 

Genetic evidence of crossing over between the X and Y would of 
course indicate some kind of interaction between them. In Drosophila 
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the inequality in the XY pair affects also the equal autosome pairs in 
forms like Drosophila, for as already stated, crossing over occurs no 
more in them than in the sex chromosomes as far as the male is con- 
cerned. Nor is there any crossing over in the males of Drosophila 
virilis where the X and Y appear equal. 

Still another aspect lies in the possibility that sex determination 
rests on a number of genes. In the heterogametic sex no free crossing 
over between such sex genes may then be expected, since it would 
result in sex intergrades that do not normally occur. Therefore crossing- 
over between the X and Y could involve only those parts of the chromo- 
somes that do not carry sex genes. 


EXPERIMENTAL WORK ON SEX CHROMOSOMES 

Attempts to influence the determination of sex date back to the 
early periods of history. With the recognition of sex chromosomes a 
new working basis for such attempts offered itself, for it became evident 
that any factor that would influence the sex chromosomes would 
almost certainly have an effect on the development of sex. But appa- 
rently no serious endeavor to experimentally affect the sex chromosomes 
was made until relatively recently. It is true that, a great deal of in- 
vestigation was made in the field of experimentation on gonads and 
germ cells in general, but Mohb (’19 a) was the first to analyze speci- 
fically the effects of certain agents (radium and low temperatare) on 
the sex chromosomes. His work was done on the orthopteron Dectieus 
verrueivorus , and the results were not decisive. He confirmed the re- 
ports of degenerative changes that result in the male germ cells after 
exposure to radium, but found that in general the sex chromosome shared 
the detrimental effects observed in the autosomes with no evidence of 
any selective action by the radium rays. In a few cases however sper- 
matids carrying two X chromosomes (the results of nondisj unction) were 
observed. The results obtained from the action of subnormal tempe- 
ratures were in general quite analogous to those from radium although 
perhaps less intense. On the whole the occurrence of non-disjunction 
was too rare to Justify any conclusion as to the exact influence of the 
agents employed. 

In the following year, Seiler (’20) reported the results of some 
experimental and cytological investigations ’of the maturing eggs of 
Talaeporia tubulosa. As in other Lepidoptera the female here represents 
the heterogametic sex and carries an unpaired or odd X (or Z), while 
the male has a pair of X (or Z) chromosomes. Theoretically it is chance 
that decides whether in the heterokinetic division of the egg the X 
goes out into the polar body or is retained. It was SeiIjEE’s endeavor 
to determine whether the distribution of the X can be affected by ex- 
ternal influence, such as high and low temperatures and staleness, and 
his investigation rested on a study of the heterokinetic divisions of eggs 
that had been subjected to such treatment. Since the odd X of the 
female usually lags on the spindle, its movements during this division 
are open to analysis, and the crucial results may be given in the fol- 
lowing table: 
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Normal (12® — 16 ®0) . 
Staleness (12® — 16 ®C) 
Warmth (30® — 37® C) . 
Cold (3«— sVs^C). . . 


Actual Numbers On basis of 100 females 


41 cf 
146 cf 
84 cT 


100 9 
100 9 
100 9 


32 cf = 100 9 


84 c? 
144 cT 
162 cf 
65 cT 


(In the above table, retention or expulsion of the X in the hetero- 
kinetic division are taken to indicate development of a male or female 
respectively.) 

A large number of figures had to be discarded as indecisive, and 
it is here that the personal element may enter. But fully granting 
that errors are possible in the cytological examination of the various 
lots of material, and further, that the numbers of figures accepted are 
none too large, there seems no escape from the data as finally given 
by SEILER: Under nomal conditions as well as under subnormal tempe- 
ratures the X shows a tendency to go out into the polar body, while 
under high temperatures and in stale eggs the X manifests a tendency 
to remain in the egg. 

The most recent work in this connection has taken the form of ' 
an analysis of the effects of B-OENTGEN rays on the X chromosomes of 
Drosophila. In a series of short notes Mavor (’21, ’22, ’23, ’24) has shown 
that when virgin females of Drosophila are subjected to certain doses 
of Eoentgen rays, the number of cases of non-disjunction is significantly 
increased. As Bridges (’16) had earlier demonstrated, certain of the 
exceptional individuals arising from non-disjunctional eggs can be recog- 
nized if sex linked factors are introduced into the cross, and it was on 
that basis that Mavor computed the effect of the rays. Confirmation 
of Mayor’s general conclusions came somewhat later from Anderson 
(’24) as the following tables show: 

Total 9 s 7o exceptional 2 s Total s ®/o exceptional cf s 
Mayor (’23) . . 3960 0-4 3675 2-3 

Anderson (’24) 18487 0-4 17226 2-3 

Mayor’s Control 12698 0-02 12648 0*06 

It is quite plain therefore that the treatment with Roentgen rays 
greatly increases the number of exceptional flies, whose appearance in 
turn we can only attribute to non-disjunction. That the effect can not 
be produced on every fly is as true as in case of Seiler’s moths, nor 
is it quite clear what the effect on the autosomes may be. Nevertheless 
there is here a promising beginning of a new type of investigation of 
the physiology of the chromosomes. 

In this connection reference should also be made to the work of 
Muller and Dippel (’26). As mentioned elsewhere, L. V. MORGAN (’22) 
has found females of Drosophila in which the two X chromosomes are 
joined to each other to form a multiple chromosome. She reported that 
the connection between these X chromosomes is broken on rare occa- 
sions. By treating females carrying two joined X chromosomes with 
Roentgen rays Muller and Dippel found that the genetic evidence 
showed a significant increase in the number of cases of such a breakage 
of the multiple chromosome. 

Finally, it may be said that the amount of crossing over in the 
sex chromosomes of Drosophila may be affected by experimental treat- 
ment. But the same thing of course also holds true for the autosomes. 
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ORIGIM OF SEX CHROMOSOMES 

Our knowledge of the origin and evolution of the sex chromosomes 
is inevitably dependent on an elucidation of their structure and physio- 
logy. As .far as our present information goes, it seems evident that 
basically there is no difference between sex chromosomes and autosomes. 
This conclusion seems warranted in view of the fact that in the homo- 
gametic sex the sex chromosomes behave in every observable^ way like 
the autosomes, and also that no exceptional cytological behavior of any 
chromosomes has been discovered in either sex of a great many, if not 
the majority of forms, and this despite the fact that in some of them 
the genetic evidence indicates the presence of sex chromosomes. 

Starting with forms of this kind, it is possible to form a series 
through species in which one sex chromosome of the heterogametic sex 
grows progressively smaller until those instances are reached in which 
there is only a single sex chromosome with no trace of a partner. There 
can be little doubt that such a series expresses the fact that the XO 
condition was probably derived from a condition in which an equal pair 
of sex chromosomes was present, and that in fact it is possible that no 
sex chromosomes (as differentiated from autosomes) were in existence 
at that time. But beyond a simple statement of this sort such a series 
can not take us, and its construction throws no light on the processes 
that brought about the changes in the ancestral chromosomes and con- 
verted them to what we know as sex chromosomes. 

At the -present time we are coming to realize more and more that 
the phenomenon of sex determination rests on hereditary factors or 
genes which primarily are not different from the genes that are involved 
in the development of all other body characters. Moreover, Stuete- 
VANT’s (’21) and Beidges’ investigations (’22, ’25 a) have shown that in 
Drosophila at least the genes concerned with sex determination are by 
no means confined to the sex chromosomes. Evidence such as that gives 
further support to the hypothesis that the latter type of chromosome 
does not differ primarily from the ordinary autosome and that its special 
characteristics are secondary developments. 

Such an hypothesis does indeed form the basis for the majority of 
discussions on the origin of sex chromosomes. Thus Stbvens (’06 a) 
and later Wilson (’ll) suggested that the T chromosome as found in the 
males of so many species originally resembled the X, and that its 
present constitution is due to the loss of what might be called the X 
chromatin. On this basis then, the formula of sex chromosomes for the 
homogametic female would be XYXY, while for the male it would 
be XYOY. 

A more specific attempt to explain the origin of sex chromosomes 
on the basis of a loss from one member of a pair has been made by 
Mullee (’18), who utilizes his observations made in cases of balanced 
lethals. Mullee had shown that va Drosophila & state of heterozygo- 
sity with respect to certain genes may be maintained if certain types 
of lethal genes are also present. Thus an individual may have one pair 

i, , a L 

of chromosomes showing the following constitution: """" (where a and 

■ ^ ^ A 1 
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A genes that are lethal in the homozygous condition, while 

A and L respectively represent their normal allelomorphs). It will be 

th! only heterozygous individuals like 

the parents will be produced since the homozygous offspring always die: 

^ L A 1 a L 

a h ~ — j ~ lethal. ^ . . = viable and heterozygous. 

Such heterozygous individuals look like normal flies since the 
mutated genes can not appear because they are recessive. 

. yfULLER argued that such a condition would permit the accumu- 
lation oi changes in one member of a pair of chromosomes that are 
degenerative in character. Such changes may for instance take the form 
ot inactivation or loss of genes similar to those described under the 
terra deficiency by Bridges flp and Mohr (’ 19 b, ’23a, ’23b). Changes 
ot this sort if allowed expression might be decidely detrimental to the 
fly, but as recessives they would not appear. 

But_ unless these changes found somatic expression in the males 
and not in the females (i. e. were sex limited), only one member of a 
pair of chromosomes could undergo such alteration, and that member is 
the one that we call the Y. If similar degenerations occurred in the 
X such a stock could not be maintained, for in the homogametic sex 
there would be two X chromosomes and the recessives in question would 
thus be found there in the homozygous condition. This in turn would 
allow them to appear and if lethal or detrimental the individuals carrying 
them would be inviable or weeded out by natural selection. 

Consideration of this intrigueing hypothesis will make it plain that 
it can not stand without additional assumptions. Bridges’ work already 
mentioned has brought out the probability that the loss of a single one 
of the larger chromosomes produces a lethal effect. If therefore the Y 
is regarded as “empty” of factors or genes, some compensating changes 
must have taken place during its differentiation from the X, and that 
is of course true also in those cases where the X is now unpaired. On 
the other hand, animals other than Drosophila may be so constituted 
that losses of chromosomal parts are borne with greater impunity. 

The question also arises why this process should have occurred in so 
many forms and nearly always have been confined to one pair of chromo- 
somes. Therefore even if it be granted that the characteristic sex 
chromosomes originate through the loss or inactivation of certain parts 
in one member of a pair of chromosomes, it must be realized that we 
are by no means certain of the way in which such losses have occurred. 


SEX CHROMOSOMES AND SEX DETERMINATION 

The bearing of sex chromosomes on sex determination has often 
been a subject of discussion. In this connection may be mentioned 
SoHLElp’s excellent essay (’12) which has been followed more recently 
by the briefer treatments of Agar (’20), Doncaster (’20), Sharp (’21) 
and finally Wilson’s review of the whole subject from the cytological 
standpoint (’26a). A renewed consideration of the subject must there- 
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fore seem unnecessary , but in order to round out the present treatment 

a short account of the various hypotheses whereever they involve sex 
chromosomes, is given here. 


A. TROPHO- AND IDIOCHROMATIN 

This hypothesis, of which Goldschmidt (’04) was perhaps the 
chief proponent, was based on two arguments. The first involves the 
somewhat non-committal idea that sex determination is correlated in 
some way with metabolism, and more specifically that unfavorable con- 
ditions favor development in the male direction while favorable condi- 
tions tend to produce development in the female direction. The second 
is that every cell contains two kinds of chromatin, idiochromatin which 
represents the material basis of heredity, and trophochromatin in which 
rest the metabolic activities of the cell. If we now assume that within 
certain limits the greater the amount of trophochromatin the more per- 
fect the metabolism, it is only one step further to conclude that fertil- 
ized or parthenogenetic eggs equipped with a large amount of tropho- 
chromatin will lean toward feraaleness in their development, while eggs 
with a smaller amount of this material will have a development leaning 
toward maleness. Differences in the amount of trophochromatin could 
he brought about in several ways. Of these we are concerned only with 
the one that involves sex chromosomes. These are brought in under 
the subsidiary hypothesis that the sex chromosomes are composed of 
trophochromatin. It will readily be seen that differences in their size 
as well as their presence or absence may on this basis have a very 
important effect on the process of sex determination. 

The hypothesis is primarily weak because it is not supported by 
sufficiently established facts. Even the basic claim for a dual nature 
of the chromatin is open to doubt, and although it can not be said 
that the more general side of the hypothesis has been finally disposed 
of, Golds©HMIDT’A own attitude in recent years indicates an abandon- 
ment of the more specific points — as for instance his earlier view on 
the nature of the sex chromosomes. 

B. HERTWIG’S KARYOPLASMIC RATIO HYPOTHESIS 


Although this h;^othesis (’05, ’06) involves sex chromosomes only 
somewhat indirectly, its general features should be given in this con- 
nection. It will be remembered that R. Hertwig, chiefly on the basis 
of his studies on certain protozoa came to the conclusion that the ratio 
of the nuclear to the cytoplasmic volumes has a definite value under 
normal conditions for any particular type of cell of a given species. 

This value or quotient expressed as — (where K = nuclear volume and 
■ . . P ■ 

P = cytoplasmic volume), is subject to change during certain phases of 
cellular activity, but there js always a tendency to return to the norm. 
On this basis Hertwig tried to explain cell division and other pheno- 
mena, his ideas about sex determination constituting only a subsidiary 
part of his general thesis. These ideas are rooted in the obsvervation 
that in the female gamete or egg the karyoplasmic ratio is altered from 
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the norm by an increase of the volume of cytoplasm over that of the 

gametes are regarded as extreme modifications of the karyo- 

fhe haSrSp sexes, but they nevertheless point to 

the basic difference between femaleness and maleness; a difference that may 

be expressed thus: if - = then ^ = .f. m a sense then, any 

permanently alter the karyoplasmic ratio in an organism 
ahnnt Conceivable that such changes might be brought 

ho o 1 f fertilization and cases illustrating such a phenomenon might 
be sought for instance among protandric hermaphrodites. On the other 
hand, sex may be determined before fertilization in the egg, and thus 
mDinophiUs the volume of cytoplasm in the female prodScing eggs is 
so great that even the addition of the sperm nucleus does not result in 
a karyoplasmic ratio equivalent to maleness. But in the great maioritv 

determination is at the time of fertili^tion 
Itself, the influence wielded by the sex chromosomes is however some- 
Wiiat indirect as may appear from the following reasoning. 

In the protozoa continuous reproduction without conjugation tends 
TOward an increase of the relative amount of cytoplasm (according to 
iIeetwiCt). This disturbance in the karyoplasmic ratio can in some 
cases be rectified by a special growth of the nucleus at the expense of 
the cytoplasm, during certain stages. The cellular phenomena which 
occur in the parthenogenesis of higher animals are closely related to 
such an ‘‘autogenous development’’. Thus in the bee the unfertilized 
6g? ^^fter undergoing reduction undergoes a readjustment of this sort, 
the increase in the volume of the nucleus being such that a ratio equi- 
valent to maleness is produced. In other cases such a compensation is 
not so readily brought about and there (as in Daphnids and Aphids) 
parthenogenesis may result in females for several generations. Never- 
theless the^ tendency to increase the nuclear volume over that of the 
cytoplasm is present there also, and the cumulative effects of several 
parthenogenetic generations finally bring about a ratio equivalent to 
maleness. 

With these hypotheses in mind, Heetwig pointed out that if an 
apyrene sperm (i. e. without chromatin) fertilizes an egg, the develop- 
ment is in a sense parthenogenetic. If as in case of the bee this in- 
duces an adjustment of the karyoplasmic ratio, the resulting offspring 
would tend to be males. On a similar basis, a sperm carr 3 dng no sex 
chromosome is closer to the apyrene condition than a sperm with a sex 
chromosome, and this in turn causes the consequent development of the 
fertilized egg to be closer to the parthenogenetic development than would 
be the case with sperms carrying sex chromosomes. If this partheno- 
genesis is similar to that of the bee, the tendency to produce males is 
therewith given. In this sense only are the sex chromosomes regarded 
as sex producing. 

It is unnecessary to point out the multitude of objections to these 
ideas with which more recent cytological and genetic findings have 
furnished us. Heetwig’s own disquisition on sex determination in 1912 
indicates with great clearness that he himself no longer holds these 
earlier ideas about sex determination. But it is not so clear that the 
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more general and basic principles involved in the karyoplasmic ratio 
may not again play a part in future discussions of the problem here 
at stake. 

C. QUALITY HYPOTHESIS 

A sex chromosome mechanism based on the assumption that there 
are qualitative differences between the two X chromosomes as they are 
found for instance in the majority of females was sugpsted by Castle 
as early as 1903. Castle’s hypothesis which primarily elaborated the 
view that sex determination rests on a Mendelian basis, carried with it 
the idea that both eggs and sperms of a species may be predestined as 
male or female producing. WILSON (’06) realizing that the sex chro- 
mosomes afforded a material basis for this hypothesis considered its 
possibilities but discarded it within a few years. 

The hypothesis rests on the assumption that there is a male pro- 
ducing X and a female producing X chromosome. These may be denoted 
as X“ and X* respectively. The female carries both types of X, and 
therefore her sex chromosome formula may be given as X“X^. The female 
determiner is however always dominant over the male determiner, and 
since maleness is determined only by X” and this is recessive to X^ it 
is understandable that males show only one X chromosome. If a Y is 
present in the male, it may be regarded as a degenerating female deter- 
miner which in its existing state is recessive to X”*. As far as they 
go these assumptions work out perfectly, but they necessitate the further 
assumption of a selective fertilization. A sperm carrying X” can fertil- 
ize only an egg with X^ whereas a sperm with a Y or no sex chro- 
mosome can fertilize only an egg carrying X“. Unless this assumption 
is made there would be obtained individuals with the formulae X^X”, 
X^X^ and X', and such individuals do not exist. 

No cytological evidence for or against this hypothesis is available. 
Genetic experiments involving sex linked characters have however fur- 
nished evidence that is definitely opposed to the hypothesis, for they 
make it quite clear that either X of the female may enter into the 
fertilization nucleus with either type of sperm. In the same way it 
may be regarded as definitely established that one of the sexes is al- 
ways homogametic, and therewith the hjrpothesis must fall. 


D. INDEX HYPOTHESIS 


This hypothesis embodies an objection to the view that the sex 
chromosomes are causally concerned with sex determination. Voiced in 
several forms by a number of investigators (thus Mont&omeet ’iOa, 
Haeckee, ’ll, JuNKEE, ’23) it may be summed up by the statement 
that chromosomal differences as observed between two sexes of a species 
are the result and not the cause of sexual differentiation. They are 
thus merely an index of the activities of deeper lying factors. 

Apparent support for this view is to be found in several obser- 
vations. One of these is on the first spermatocyte division in Aphids 
and Phylloxera, in which the sex chromosomes apparently always pass 
to the same pole as the greater mass of the mitochondria. A somewhat 
similar phenomenon has been described by Sokolska (’24) in the case 






of the first spermatocyte division of Tegenaria. Here the two compo- 
nents of the compound X always pass to the same pole and Sokolska 
implies that this is also the pole which receives most of the Golgi 
apparatus. If in such instances as these two the sex chromosome distri- 
bution occurs after certain other cell constituents have been distributed 
and if a correlation obtains between the presence of the latter and that 
of the sex chromosomes, the indications are that the behavior of sex 
chromosomes in the division is predetermined. In other words, it is 
the agency that determines the distribution of the sex chromosomes that 
is sex determining while they themselves are its outward manifestation. 

The argument against such a view may be voiced as foUows: If 
the sex chromosome is merely an index of other phenomena, just as the 
thermometer is an index of the activities of temperature, then its removal 
should influence the process of sex determination no more than would 
a loss of the mercury affect the temperature. But Bridges (’ 16 ) and 
several other investigators have shown with great clearness that the 
removal of an X chromosome has the most profound effect on the sex 
determination, so that this view can certainly not be maintained. 

A different aspect is given to the question if it is admitted that 
the sex chromosomes are indeed of great immediate importance in sex 
determination, but that they themselves are controlled by factors of a 
superior order. Now in an elucidation of the latter, it will appear that 
they are part and parcel of the basic constitution of the animal. In 
the case of Tegenaria the special distribution of sex chromosomes and 
Golgi apparatus has been described only in the males and there is every 
reason to suppose that it does not occur in the females. Therefore it 
may be assumed that it is the maleness of the basic constitution that 
is in some way responsible. But since it is admitted that this maleness 
rests on the fact that the individual in question has an unpaired X 
chromosome, we are back where we started. An analysis of this whole 
viewpoint thus shows it to be merely a philosophic exercise. 

But it must be admitted that not ail cases are as simple as those 
mentioned. There remain the instances in which a dimorphism in the 
eggs is present before fertilization and the sex of individuals originating 
from such eggs is correlated with this dimorphism. Here may be men- 
tioned the well known instances of Dimphilus^ Pedieulopsis and perhaps 
certain of the Seisonida among the Eotifera, where the two types of 
eggs arise even before the reduction division. The most that can be 
said in this connection is that sex chromosomes in these cases are not 
directly involved in the differentiation and that the mechanism involved 
is not clear as yet. 

There remain various cases of hermaphroditism. It is difficult to 
make a generalization about these, for each one of them presents a 
separate and individual problem. However all these hermaphrodites have 
in common the fact that although equipped with the sex chromosomes 
of one sex, certain characters are evolved that are characteristic of the 
opposite sex. Thus the hermaphrodites of Angiostomum nigrovemsum 
are basically females but produce sperms as well as eggs. These sperm 
producing cells primarily contain two X chromosomes like other cells of 
the hermaphrodite, but in their maturation one X chromosome becomes 
lost, which is not the case in the maturation of the eggs (BOVERI, ’ll, 
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SCHLEIP, ’11a & b). In Icerya purehasi certain of the germ cells of 
what is basically a diploid female become haploid, and these give rise 
to sperms. Germ cells not undergoing this pregametic reduction produce 
nurse cells and eggs in a perfectly normal manner (HUGHES-Scheader, 
’25, ’26). Plainly, in these instances then, the cells of certain regions 
of the gonad must be subject to some influence that alters their chromo- 
somal constitution. That such a change is possible has been sufficiently 
demonstrated in connection with experimental work on sex chromosomes 
and it only remains to analyze the process which is at work in these 
particular case. A clue to an explanation is contained in Bridges’ 
recent investigation of a gene (minute-n) which has the tendency to 
bring about a loss of certain chromosomes (BRIDGES, ’25 a & b). 

Slightly different in nature is the case of Perla marginata (JUNKER, 
’23), in which the males contain an ovary-like structure as well as typical 
testes. This ovary even seems to produce oocytes, but these contain 
the normal male garniture of chromosomes and not the female garniture 
of chromosomes (i. e. one unpaired compound X instead of a pair of 
compound X chromosomes). In an attempted explanation of such a case, 
it may be pointed out that the sexual characters of a body are not 
necessarily unalterably fixed. Thus the influence exerted by the chromo- 
somes under normal conditions may conceivably be overridden by other 
special influences. Thus definitely female characters may appear in 
individuals carrying the male complement of chromosomes — as in Thelia 
(Kornhauser, ’19). Here may also be mentioned certain intersexes of 
Drosophila simulans which Sturtevant (’21) found to contain two X 
chromosomes like normal females, but in which the mutation of a single 
gene brought about certain changes in the visible sexual characters. It 
is granted of course that this represents only a suggestion and that the 
overriding of the normal chromosomal effect may occur in many different 
ways. Whatever the nature of the latter may be, they must be instru- 
mental in some way in many cases of hermaphroditism in which no sex 
chromosomes of any kind can be recognized, and cytological evidence 
shows both types of sexual products in the hermaphrodite characterized 
by the same chromosomal garniture. 

It is fully realized that these forms represent not only cases of 
great interest but that they also furnish many obstacles to a final ana- 
lysis. They are presented here to show that they as well as the re- 
latively more simple cases are consistent with an explanation on a 
chromosomal basis, and that as long as the latter has not been finally 
ruled out, cases of this kind do not strengthen the argument for an 
index hypothesis. 

E. QUANTITY HYPOTHESIS 

Many of the difficulties involved in the foregoing hypotheses are 
avoided in the hypothesis that each sex chromosome contains a definite 
(for a given species) quantity of sex determining substance and that it 
is merely the total amount of the latter that determines the sex of the 
developing organism. Thus in most cases, if one X chromosome is 
present the individual becomes a male, while if two X chromosomes are 
present it becomes a female. 


lill— 
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in a quantitative basis is of course also contained 

MnT?r ® aaryoplasmic ratio hypothesis and indeed as early as 1903 

onoK K * determination in the bee must rest on some 

dAvPlnn^int 'o hypothesis owes its 

development chiefly to Stevens (’06 to ’12) and Wilson (’05 to ’12). 

Y chromosome into account. 
V «!, suggested that the Y simply represents a less active 

hromosome, but later modified this conception to favor the idea ad- 
vanced by Stevens (’06 a) that the X is merely a Y chromosome with 
which a definite amount of X chromatin has become associated. The 
1 ® ^ determination was finally regarded as negli- 

gible by Wilson, at least in many of the cases (as for instance that 
of Metapodtus). 

4 -in different quantities of the same substance may bring about 

the development of two sexes has often been doubted. Nevertheless it 
IS quite possible that the sex determining effect is very similar to that 
observed in the production of certain somatic characters that appear in 
different form depending on whether one or two doses of hereditary 
determiners are present. Again the sex determining substance may 
partake of the properties of certain enzymes and therefore produce 
different results depen^ng on the quantity available for reaction. 

It will be recognized that here is represented the best of the hypo- 
theses mentioned. Its _ striking simplicity and the fact that it is applic- 
able to the great majority of known cases in which sex chromosomes 
have been demonstrated, have caused an almost universal adoption of it. 
Indeed, the most recent advances in the investigations of sex determi- 
nation have started from the quantitative hypothesis as a basis in nearly 
all instances. 


F. TBE ELABOEATION OP THE QUANTITY HYPOTHESIS 

_ It was perhaps inevitable that the quantity hypothesis of sex de- 
termination in its simplest form should be subject to elaboration and 
even modification. Progress of this kind owes its inception largely to 
the older idea that different factors are concerned with the establishment 
of maleness and femaleness respectively, but that these factors are present 
in both sexes. An enunciation of such a possibility was made by GOLD- 
SCHMIDT (’ll), MOEGAN (’11a & b) and Wolteeeck (’ll). Mokgan 
for instance suggested that in cases of male heterogamety a factor for 
maleness (M) is located in one or more autosomes of all gametes, 
while the factor for femaleness (F) is present only in the X chromo- 
some. On this basis it is plain that since there are two classes of 
sperms which differ primarily because of the fact that one carries an 
X chromosome and the other does not, the sex factors carried by them 
may be expressed as MP and MO respectively. All mature eggs would 
be alike and their sex factors would be MP. As a result of fertilization 
the zygotes MMPP and MMP would be formed, and if it is assumed 
that MM dominates P, but F dominates M, it becomes possible to express 
a mechanism of sex determination on these terms. But it must not be 
forgotten that the formulae merely express the hypothesis that factors 
for both sexes are present in every individual. 

4 * 
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Since 1911 a great part of the further development of this con- 
ception is the result of Goldschmidt’s investigations (’12 ff.). These 
are centered in various attempts to elucidate the origin and nature of 
iiitersexiial forms among Lepidoptera, and althongii not bearing directly 
on the cytological aspects of the sex chromosomes must nevertheless be 
briefly considered here. GOLDSCHMIDT’S conclusions are that in Lepido- 
ptera (where the female is heterogametic) the factors for maleness and 
femaleness are constant for any one race. If the strength or valence 
of these factors be expressed numerically, the process of sex determination 
may be represented as follows: 

If F = 60, and M = —40, 

then PM = female (because femaleness dominates maleness by 
20 units) 

and P M M = male (because maleness dominates femaleness by 
40 units). 

According to GOLDSCHMIDT the sex factors may be conceived of as 
genes, which partaking of the nature of enzymes incite the production 
of hormones which in turn direct the development of sex. 

Goldschmidt found however that in crossing certain different 
races of Lymanfrid disbar with each other, various types of intersexual 
individuals are produced. The detailed study of such crosses led him 
to the conclusion that the valence of the sex factors is constant for any 
one race but may differ from that of other races. Thus if a race in 
which P = 80 and M = — 60 is crossed with a race where P = 100 
and M = — 80, certain P M individuals would be produced in which 
neither femaleness nor maleness predominate. Such individuals would 
represent true intersexes , while other types of intersexes might be 
produced through slight variations in the end result of the actions of the 
two types of opposed factors. A hint as to the physiology of such a 
development was given by an analysis of the development of the inter- 
sexes. The indications are that these intersexes are individuals that 
develop as females (or males) up to a certain point, after which develop- 
ment proceeds in the direction of the opposite sex. In normal cases 
where the cross is intraracial, the valence of the two involved factors 
is such that one of them maintains the upper hand throughout and the 
turning point is never reached during the developmental phases, while 
in the intersexes, the opposing factor causes a change of the sexual 
development at some point before the end of these phases. 

Important as these investigations are, the most interesting point 
so far as the more limited subject of sex chromosomes is concerned lies 
in the fact that not only is Goldschmidt of the opinion that the sex 
factors are genes that are inherited like true Mendelian genes, but 
further that the gene or genes for maleness (M) are carried in the X 
chromosome while those for femaleness (F) are found either in the 
cytoplasm of the egg or else the Y chromosome. Goldschmidt’s 
reasons for favoring the hypothesis that the Y carries the hereditary 
basis for femaleness are considered elsewhere. 

It will be recognized that a more exact genetic analysis of the 
sex factors could be more easily pursued in a form whose genetic con- 
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stitution is already better kaown than is that of any of the Lepidoptera. 
On this basis an unrivaled object of investigation is the fruit fly Droso- 
phila,^ and^ the success attending the recent work on the problem of sex 
in this animal Justifies all expectations. 

It must not be forgotten that an early approach to such an ana- 
lysis of the hereditary units accountable for sex determination was 
made by Wilson in 1911. The phenomena of sexlinked heredity as 
well as the extreme variation in the size of the X in different species 
led him to regard this chromosome not as a unit element, but as a 
compound structure, a hypothesis advanced also by Stevens (’06a). 
Only a limited region of the X was regarded as concerned directly with 
sex determination— the “sex chromatin”, while the rest of the chromo- 
some resembled the autosomes as a carrier of hereditary units. 

The first actual recognition of a gene that influences sexual develop- 
ment was however reported by Stubtevant (’21) in Drosophila simulans. 
It was found that in a certain stock were present many individuals 
showing a definite tjrpe of intersexuality. They were always sterile, 
but crosses of their apparently normal brothers and sisters to unrelated 
stocks often produced the same t 3 T)e of intersexuality in some individuals 
of the Fa generation (never in Fi). Sex ratios of such Fa generations 
were approximately 4 d" : 3 9 : 1 intersex, and suggested, since the normal 
sex ratio is of course 4cl':4 9, that the intersexes are modified females. 
This hypothesis was confirmed through the utilization of sex linked genes 
in further crosses, while the ratios themselves and the fact that the 
effects were produced only in Fa generations suggested that a gene is 
responsible for the modification and that this gene is a recessive. Since 
Fi males were never affected it was clear furthermore that the gene in 
question is autosomal (since males of Drosophila have only one X and 
even a recessive gene carried there should manifest itself). Appropriate 
crosses involving genes of the second and third chromosome established 
this as well as the fact that the gene causing intersexuality is in the 
same chromosome as the gene called plum, that is the second chromo- 
some. Here then was a gene which affected the physiology of the 
development of sexual characters in such a way that individuals with 
two X chromosomes and basically females were given the appearance 
of intersexes. 

The recent investigations of BEioaES (’21, ’22, ’25 a) have brought 
out more evidence that the whole phenomenon of sex determination rests 
on the action of genes and is thus not different basically from the 
development of any other character of the individual. Bbidges’ work 
also throws some light on the part taken by the sex chromosomes 
in this process, and may be explained as follows; 

The genetic investigations of Drosophila have long made it plain 
that the development of most if not all characters is dependent on more 
than one gene. These genes are by no means confined to one chromo- 
some, but a character may depend on genes which are scattered over 
several chromosomes. Mainly through a chance occurrence of triploid 
females, individuals were obtained which carried various chromosome 
combinations. The sex of such individuals may be indicated briefly in 
the following table, where X = X chromosome and A = one complete 
(haploid) set of autosomes. 
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No. of X chroms 

Autosomes 

Sex 

3 

2 A 

Superlemale 

4 

4 A 

Female 

3 

3 A 

Female 

2 

2 A 

Female 

2 

3 A 

Intersex 

1 

2 A 

Male 

1 

3 A 

Supermale 


Beidges’ interpretation is as follows: The genes that are concerned 
with sex determination are scattered irregularly over all of^ the four 
types of chromosomes as found in Drosophila. Roughly speaking, these 
genes may be classified as female and male determining, and the two 
types are in a sense opposed to each other. It so happens that in the 
X the genes for femaleness preponderate over those for maleness, so 
that taken as a whole this chromosome is female determining. The 
second and third chromosomes however have this condition reversed and 
in them the male determining genes preponderate over the female de- 
termining genes. The status of the tiny fourth chromosome is still 
uncertain but nevertheless it is evident that taken as a group the auto- 
somes are male determining. It thus appears that sex determination is 
a question of what Beedges terms “genic balance”, and it rests in 
effect on the ratio between the number of X chromosomes and the 
number of sets of autosomes. Indeed, very similar conclusions have 
been voiced by Sohweitzee (’23) and v. ■Wettstbin (’24) as a result 
of their investigations of the sex conditions in mosses. 

The evidence is thus quite strong that as a carrier of genes the 
X chromosome differs in no essential way from the autosomal chromo- 
somes. Indeed, on this basis, sex determination itself loses the special 
position which it has always occupied in the minds of most investigators, 
for it now becomes a process regulated by hereditary genes like any 
other development of the body. If this view is recognized a good many 
difficiRties of the old problem are removed. Thus there may be mentioned 
the hitherto contradictory evidence contained in the fact that in a few 
groups (Lepidoptera and Aves) the female instead of the male is hetero- 
gametic. Instead of considering that 2 X is equivalent to femaleness 
and 1 X to maleness (with these relations unaccountably reversed in 
the two groups mentioned), it must be recognized on the above basis 
that the so called sex chromosomes are by no means the only chromo- 
somes concerned with sex determination. If then the sex genes are 
scattered irregularly over autosomes as well as the X, it may well be 
that the sex genes in the X of Lepidoptera happen to be preponderately 
male determining while the autosomes are female determining (i. e. the 
reverse condition to that of DrosqpMa), and sex determination is then 
just what might be expected. At any rate, the peculiar contradiction 
resting in the explanation based on the simplest form of the quantity 
hypothesis therewith loses its substance. 

Also, it need hardly be pointed out that this most recent con- 
ception of the _ mechanism of sex determination is in no way to be 
regarded as inimical to the hypothesis that in some animals at least. 
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the final expression of sex is brought about through the instrumentality 
of hormones. In what way the hormones depend on the genes is of 
course still an open^ question, but the idea of a genetic basis is not 
affected by physiological interpretations of its action. Again, there seems 
to be no reason to suppose that the effects of genes involved in sex 
determination differ from the effects produced by other genes in being 
immune to environmental agencies. It is therefore no argument against 
the genetic hypothesis to point out that an organism of one sex may 
through environmental means be induced to show the phenotype of the 
opposite sex. The nature of such a change is basically equivalent to 
that which occurs in certain plants which under the influence of ab- 
normally high temperatures produce white flowers although they are 
genotypically redflowered. 

If the problem of sex determination rests on the same basis as 
any other phenomenon of heredity, its solution becomes detached from 
the analysis of those special cytological characters that distinguish the 
sex chromosomes from the autosomes. It must be admitted that therewith 
a source of confusion would be eliminated and a considerable advance 
made toward a clearer definition of the issues involved. 


THE Y CHROMOSOME AS A CARRIER OF GENES 

The exact nature of the Y chromosome has long been a matter of 
speculation. In 1909 Castle suggested that it may be a carrier of the 
factors for the secondary sexual characters of the heterogam etic sex, 
but this hypothesis was not subjected to an actual test by him. Cer- 
tainly it was quickly discovered that such an explanation is not applic- 
able to aU cases, for Wilson found (’07b, ’09b, ’10a) that in Meta- 
podius, males lacking a Y chromosome appeared normal in every respect. 
Indeed, the many instances in which the X is normally without a partner 
in the heterogametic sex were sufficient evidence for the fact that the 
Y is not always a necessary constituent of the chromosome complex. 

Wilson showed that starting with types in which the Y is morpho- 
logically indistinguishable from the X, a series of species may be listed 
showing a gradual dwindling of the Y and culminating in its complete 
disappearance. It needs not be pointed out that such a series does not 
necessarily depict the history of the Y, but it nevertheless serves to 
emphasize the probability that in general it is a degenerating chromo- 
some doomed to disappear in many cases. 

The well known studies on sex linkage in Drosophila, culminating 
in Beidgbs’ work on non-disjunction (’ 16 ) served to strengthen the 
idea that the Y is more or less negligible as a carrier of the factors 
of heredity. The fact that individuals with the sex chromosome con- 
stitution XXY are normal females and XO individuals are normal males 
to all outward appearance, seemed to demonstrate that fact very clearly. 
But it must not be forgotten that Beidgbs himself discovered that XO 
males are sterile and that therefore the Y must have a most important 
part in the maintenance of the species. Nevertheless the first recognition 
and exact location of a gene in the Y of Drosophila melariogaster was 
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not made until very recently (Steen, ’26 a, ’27) so that every indication 
points to the fact that in Drosophila the Y carries very few genes. 

In frogs the presence or absence of a Y was long in doubt. 
However Witschi’s breeding experiments led him to suggest_ as early 
as 1914 that in these animals the male has a Y and that in this is 
carried a factor for maleness, a suggestion to which his more recent 
work lends support. 

Evidence that the Y (or the W in Lepidoptera) may be of the 
utmost importance in sex determination, has recently been advanced by 
Goldschmidt in the case of Lymantria dispar. It will be remembered 
that in the Lepidoptera the females are heterogametic. As has been 
explained elsewhere, GOLDSOHMiDT’s investigations of intersexuality have 
led him to the conclusion that the factors for femaleness (F) and 
maleness (M) have a very definite valence for any one race of Lymantrta, 
but that this valency may differ from that obtaining in other races. 
Goldschmidt also arrived at the conclusion that F is transmitted only 
through the female and that such transmission must occur either through 
the cytoplasm of the egg or the W chromosome. At first inclined to 
favor the former alternative, he was later (’19, ’20, ’22) led to advocate 
that it is the W that carries F. His reasons may be briefly given as 
follows: 

According to GOLDSCHMIDT, in any one race F > M, but MM > i . 
Females may be designated as FMm (where m merely denotes the 
absence of the factor for maleness in the W chromosome), and males 
as FMM. In another race “s”, the valences are higher and thus 
Ms > F. An actual cross of the two races would appear as follows: 


P M m X FsMsMs = F M Ms 4- F Msm. 

(The Fa of the ^ parent not being transmitted.) 

In other words, all offspring of the cross should be males. However, 
in a few instances such crosses also gave rise to a few females. On 
breeding such females, Goldschmidt found that they carried the factor Fa 
which could have come only from the father. Since this factor can be 
carried only in the cytoplasm of the egg or else the W chromosome, 
only one conclusion seems possible. Egg cytoplasm can not be trans- 
mitted through the male and therefore the male here in question must 
have carried a W chromosome — acquired perhaps through non-disjunction. 

Fedeeley (’22) was also inclined to believe that the W carries 
something that pertains to the development of femaleness. One difficulty 
however remains. If the factor for femaleness is carried in the W, then 
half of the eggs after reduction do not carry it. Nevertheless the factor 
for femaleness is effective in both sexes. Goldschmidt (’22) therefore 
suggested that this factor, located in the W chromosome, impresses its 
effect on the cytoplasm of every egg before the reduction division. Its 
influence therefore remains even in eggs which have eliminated the W 
chromosome. It will be apparent that further work in this connection 
is called for and that Goldschmidt’s evidence is incomplete. 

Finally mention should be made of other cases in which the Y 
carries genes. Schofield (’21) and Castle (’21) gave some evidence 
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that ^ the gene for “webbed toes’’ in man is carried in the Y, and very 
convincing conclusions for regarding the Y as a carrier of genes were 
adduced by de Zulueta (’25) in the beetle Fhytodecta. The best cases 
have been reported however in the fishes. SCHMIDT (’20) found that 
in Lebistes reticulatus the factor for a small black spot on the dorsal 
fin was transmitted only through the males for five generations. The 
natural conclusion that the Y chromosome of the male carries the gene 
in question was confirmed by WiNGE (’22 b) who also found several 
other genes in that chromosome, as did Aida (’21) in Aplocheilus latipes. 

The evidence is thus clear enough that the Y chromosome is by 
no means always negligible as far as heredity is concerned. It is to 
be hoped that the discovery in it of genes and therewith opening it to 
genetic analysis will throw light on those processes that have caused 
its disappearance or degeneration in so many instances. 


PARTHENOGENESIS 

DIPLOID PARTHENOGENESIS 

If parthenogenetic development of an egg occurs with the full or 
diploid number of chromosomes — whether this number be restored in 
some way after a typical reduction division or whether the latter be 
entirely omitted — the individual developed is in the great majority of 
cases a female. This of course is just what might be expected if the 
chromosomes of the offspring duplicate those of a female parent. Little 
else need be said of this subject as a whole, and the more specialized 
problems do not fall under the present discussion. 


HAPLOID PARTHENOGENESIS 


Although diploid parthenogenesis thus falls in very naturally with 
the chromosomal and genetic hypothesis of sex determination, a great 
deal more of difficulty is encountered in the case of those individuals which 
develop with the reduced or haploid number of chromosomes. In the 
first or original form of the quantity hypothesis in which the amount 
of X chromatin was regarded as the material basis of sex determination, 
a ready explanation was available for the fact that among animals all 
haploid individuals appear to belong to the male sex. It was held simply 
that 1 X chromosome determined the male condition and 2 X chromo- 
somes determined the female condition, regardless of the autosomes that 
might also be present. But it has already been pointed out that all 
recent evidence indicates that the autosomes are by no means thus to 
be ignored and that sex in most animals is in effect dependent on the 
ratio between the chromosomes which have a net male determining tendency 
and those which have a net female determining tendency, Triploid and 
tetraploid individuals in which the same ratio obtains as in the diploid 
individuals should therefore be of the same sex as is the latter, and the 
same rule should hold also in regard to haploid individuals. The cor- 
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rectness of the hypothesis in case of polyploid Drosophilas has already 
been demonstrated by BRIDGES (’21, ’22, ’25 a), who has also adduced 
some evidence that in these Diptera at least, haploid individuals would 
be females if they were viable (’25b, ’25 c). 

What then is to be done with the cases of Trialeurodes (SOhrader, 
’20, Thomsen, ’25), Tetranychus (SOHRADER, ’23 b), and Icerya (SCHRADER 
& Hughes-Sohrader, ’26), in which the cytological and breeding data 
clearly indicate that males always develop from reduced eggs and develop 
■with the haploid number of chromosomes? To these cases must be added 
similar observations in many Hymenoptera in which the cytological 
evidence is on the whole less decisive because of certain complicating 
factors. In regard to the last named group, doubt has often been 
expressed about the haploid state of the males and BOrner (’25) has 
recently questioned the evidence in the other cases as well. It can 
only be said that one familiar 'with the cytology of these forms can 
not brush them aside so easily with such a blanket denial. 

It has been suggested (Schrader & Sturtevant, ’23) that a 
compromise may be brought about in the following way: If we arbitrarily 
call maleness the plus, and femaleness the minus direction and let 
X = — 6, and A (a set of autosomes) = 2, then we can regard the 
effective relation in sex determination as the algebraeic sum of these 
two types of chromosomes. Some of the individuals obtained by Bridges 
would give the following values: 


Female: 2 X 
Intersex: 2 X 
Haploid: X 
Male: X 


2 A 

3 A 
A 

2 A 


—8 

—6 

—4 


— 2 . 


If it is supposed that the threshhold value for maleness is at — 5, 
and for femaleness at —7, it would be clear that haploid individuals 
would be males just as they are in Tetranychus. But as has been said, 
Bridges’ evidence indicates that haploid Drosophilas would not be males, 
but females. Evidently therefore, cases in which haploid individuals are 
males are not to be put on the same basis (as far as sex determination 
is concerned) as Drosophila and probably most other forms. 

Indeed, basic differences in this regard are indicated also in other 
ways. In all animals of the Drosophila type, individuals with only the 
haploid number of chromosomes are not viable, and in Drosophila itself 
the loss of any one chromosome of the diploid set (except the X and the 
tiny fourth chromosome) apparently is lethal. Again, in plants like Datura 
in which viable haploid individuals have been obtained, the reproduction of 
the latter is subject to irregularities because the distribution of the 
chromosomes in the reduction division results in abnormal combinations. 
It IS therefore not unfair to suppose that forms in which haploidy occurs 
normally have undergone certain preparatory modifications. These not 
only brought about viability of individuals in the haploid state but also 
resulted m a regulation of the reduction division (P^eMdococcw may 
represent an animal in which such modifications may be in progress). 

But how such processes affected sex determination is still an ob- 
scure point. It is possible that in forms with haploid males the old 
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quantity hypothesis or the algebraeic sum hypothesis represent an ex- 
planation but It must be admitted that that is not likely. It has been 
suggested by Goldschmidt (’20b) that factors for maleness (MM) might 
w their effect impressed on the cytoplasm of the egg, and 
that these factors are constant. If each X chromosome then carries a 
factor for femaleness (F) and FF > MM > F , then the development of 
maleness or femaleness is in a sense determined by the presence of one 
X (as in haploidy) or two X (as in diploidy) respectively. Nothing but 
further researches can throw light on this old and mooted question as 
well as ^ determine whether these animals have sex chromosomes as they 
are ordinarily conceived of. 


SYSTEMATIC REVIEW OF SEX CHROMOSOMES 

In considering sex chromosomes as they occur in different forms 
of animals and plants, emphasis is here laid on those cases which pre- 
sent exceptional features. The tables appended to the discussions of 
the different groups however cover the ground as completely as possible, 
orthodox cases being given as impartially as those with special points 
of interest. 

As far as is feasible only cytological evidence is considered in the 
tables. Lists and tables of the results of chromosome investigations as 
published by previous reviewers have been of great help, and this is 
especially true of those of _E. B. Hahvey (’16, ’20). However I have 
not followed Mrs. Haevby in tabulating all the var 3 dng conclusions in 
those instances where several investigators have reported on one and 
the same species. Instead I have given only those findings which to 
me seemed most trustworthy, taking care however to draw attention to 
the cases in which a decision was not possible. In any case, a com- 
plete list of references is always given in the appropriate column, so 
that even those papers the conclusions in which I have not accepted 
can easily be consulted. Like tabulators before me, I have undoubtedly 
made errors, omissions and misinterpretations. No doubt the fault for 
most of these must rest on my own shoulders, although I can not re- 
frain from pointing out that in not a few instances the original papers 
are guilty of ambiguity and self contradiction. 

Taxonomy has been considered as secondary to cytology in this 
systematic review, and wherever the volume of investigations and the 
character of the findings have called for it I have not hesitated to sum 
up the work under the order and even separate families, while in other 
groups it has been deemed unnecessary to go beyond the phylum. 

Finally I would like to emphasize once more that the name “hetero- 
chromosome” is applicable to any chromosome that is distinguishable 
from ordinary chromosomes by certain peculiarities of behavior. The 
“sex chromosome” is therefore a special form of heterochromosome and 
since the latter is a much more inclusive term, the two are not syn- 
onymous. 

It has been found unavoidable to use a system of abbreviations in 
the tables. Their explanation follows: 
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approx. 

civ. 

degen. 


oog. = 

parth. = 

s. = 

spg. = 

tid = 

XY = 

X + Y = 

XIX« etc = 

XJ + X^etc = 


ABREYIATIONS NOT SELF EXPLANATORY 

= approximately, 

= cleavage, 

— degenerate, 

= microchromosomes, 

= macrochromosomes, used hy Painter for larger chromo- 
somes of reptiles, 

= microchromosomes, used by Painter for smaller chro- 
mosomes of reptiles, 

= oogonia, 

= parthenogenesis, 

= supernumerary chromosome, 

= spermatogonia, 

= spermatid or ootid, 

= XY pair (only in columns tabulating meiotic behavior), 
with members fused, 

= XY pair (only in columns tabulating meiotic behavior), 
with members separated, 

= Compound X (only in columns tabulating meiotic be- 
havior), with members fused, 

e = Compound X (only in columns tabulating meiotic beha- 
vior), with members separated. 

Numbers given under the captions “1st cyte” and 
“2nd cjte” appertain to the chromosomes as they are 
found in the metaphases of the two maturation divisions. 


PLATYHELMINTHES 

The great majority of forms found in this phylum is hermaphro- 
ditic. Cytological investigations of such types have brought to . light 
some interesting conditions, but there appears to be no definite record 
of an occurrence of sex chromosomes. 

Chromosomes of this character have however been described in one 
of the dioecious Trematoda, Schistosomum (Bilharzia) haemotobium, by 
Lindner (’14). Lindner did not have sufficient material to make a 
fully conclusive analysis of the case, but in general the following con- 
clusions seem warranted: 

There are 14 chromosomes in the spermatogonia. Metaphases of 
the first spermatocyte division show 6 tetrads grouped as a circle with 
2 smaller chromosomes in the middle. The 6 tetrads divide normally, 
but the 2 smaller chromosomes pass undivided to one pole. The second 
spermatocytes thus carry 6 and 8 chromosomes respectively, and since 
all the chromosomes divide in the second division, there are two types 
of sperms. Lindner’s material did not enable him to give an account 
of the oogenesis nor is even a count of the chromosomes in the female avail- 
able. Nevertheless it seems probable that the 2 small chromosomes 
which in the male fail to divide , in the first division, represent a com- 
pound X. Since this appears to have no partner, the female probably 
would have 2 more chromosomes than the male in as much as it may 
be expected to carry 2 compound X chromosomes. 
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PLATYHELMINTEDES 


Species 


Diploid 

Chromo- 

some 

Number 


Meiotic Chromosomes 
(male, unless, otherwise 
stated) 


1st cyte 


2nd cyte 


tid 


Remarks 


Rei 


Sehistosomum 

(Bilharzia) 

haematobium 


14 spg. 


8 


6 

8 


6 

8 


Probably an un- 
paired -|~ X^^ 
in male 


Lindner ’14 


NEMATELMINTHES 

In only one of the classes of this phylum, the Nematoda, have 
sex chromosomes been described. Here there are found cases that illu- 
strate with schematic simplicity the mechanism through which a chro- 
mosomal dimorphism is brought about in the two sexes. Of these the 
best known example is Aneyracanthus cystidicola (MULSOW, ’ll, ’12) 
the female of which shows 10 autosomes and 2 X in the diploid con- 
dition whereas in the male there are 10 autosomes and only 1 X. The 
pro nuclei of all eggs carry 5 autosomes and 1 X, and the sperms 
are of two kinds — 5 autosomes and 1 X, and 5 autosomes with 
no sex chromosome. Fertilization then restores the diploid number, the 
type of sperm determining whether the egg develops with 11 or 12 
chromosomes and becomes a male or a female respectively. The clear- 
ness with which all the processes of maturation and fertilization can be 
demonstrated in this worm and the fact that the chromosomes are 
recognizable at nearly aU of the crucial stages have made it a stock 
example in many general treatises. In addition to Aneyracanthus there 
are several other Nematodes which although presenting greater diffi- 
culties from the technical standpoint, are basically just as simple. 

More rare are the cases which parallel the conditions just men- 
tioned except for the fact that the X is represented by more than one 
chromosome, i. e. is compound in nature. Here may be mentioned 
Ascaris lumbrieoides (Edwaeds, ’10 b; WALTON, ’24) in which the male’s 
diploid set of chromosomes includes 38 autosomes and a compound X 
of 5 elements — a total of 43 chromosomes. All female pronuclei carry 
24 chromosomes, that is probably 19 autosomes and 5 X elements, while 
the sperm nuclei may carry either 19 autosomes and no sex chromo- 
somes, or else 19 autosomes and a compound X of 5 elements. As a 
result, two types of embryos are formed, 38 5 X elements and 
38 + 10 X elements, which develop into males and females respectively. 

In still another group of cases there is found a superficial resem- 
blance to the types already considered. They are however complicated 
in several ways and a final analysis of such special features' is still 
outstanding. The greatest and perhaps most frequent difficulty arises 
from the fact that the chromosomes as seen in the germ cells are of a 
character different from those found in the soma. The number of chro- 
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mosomes in somatic cells is in these cases larger than the number in 

the germ cells (usually the former is a multiple of the latter), and two 
main explanations are open for this condition. One of these assumes 
that the chromosomes as seen in the germ cells are unit elements, but 
that they undergo a process of fragmentation in the soma; the other 
regards the somatic chromosomes as unit elements which undergo a 
definite type of fusion in the germ cells so as to form a certain number 
of multiple or “Sammel” chromosomes. AGAR (’20) advocates the former 
interpretation while WaIjTON (’24) favors the latter, although he admits 
that fragmentation may play an additional part in some cases. It must 
be conceded that several of the worms studied by Walton strongly 
support his contentions, even though a final conclusion in regard to the 
Querkerbe as an indication of fusion may be deferred. 









Pig. 13. Toxasearis cards (Walton, ’24 ) — a Prophase of first spermatocyte showing 
sex chromosomes Qi) separated from autosomal mass. 6 Metaphase of first spermato- 
cyte showing twelve autosomal “ditetrads” and six sex chromosome “tetrads”, e Fert- 
ilization nucleus with 30 dyad chromosomes (male number), d Fertilization nucleus 
with 36 dyad chromosomes (female number), e Somatic metaphase of male, showing 
60 monads, f Somatic metaphase of female, showing 72 monads. 


A simple type of the preceding group is Aeuaria spiralis, in which 
each sex chromosome as well as each autosome as it is found in 
the germ cells, gives rise to two elements in the soma. But whereas 
there is only a single X in the germ cells of the male of this species, 
another species — Toxasearis canis — has a compound X of 6 elements 
(fig. 13). Each of these gives rise to two chromosomes in the soma. 
This last case therefore presents the double complication of compound 
as well as multiple chromosomes, and it is only one of several that 
show such a condition (Walton, 24). 

Further difficulties are encountered in those cases where the X 
is associated more or less intimately with an autosome. Thus, Walton 
(’ 24) described in the germ cells oi Physaloptera turgida m X which 
is always accompanied by an autosome in its various movements, al- 
though no visible bond exists. Again, BOVERI suggested that the XY 
pair described by Edwards (’ll) in Ascaris felis (Belascaris mystax) 
in reality represents an autosomal tetrad to which an X has become 
attached. Walton (’21, ’24) was inclined to Boveri’s view and be- 
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that while the autosomal tetrad divides normally in both divisions, 
tne A. divides only in the second. Thus while all sperms carry 9 chro» 
mosomeSj one of the chromosomes included in half the sperms is a mul- 
tiple and represents an autosome fused with an X. 

• This brings us to the case of Ascaris megalocephala with its two 
varieties, umvalens hivalens ^ that are characterized by the diploid 

chromosome numbers 2 and 4 respectively. Normally, the chromosomes 
seem to be alike in the two sexes. But in either sex there are now 
and then found individuals which show a chromosome number in the 
germ cells which is higher than normal. As early as 1895 Herla des- 
cribed an extra chromosome of small dimensions in a specimen of Ascaris 
megalocephala Uvalens, and suggested that this might have had its 
origin in a fragmentation of the normal chromosomes, or that the indi- 
vidual in question had arisen from a dispermic egg (i. e. fertilized by 
a sperm of bivalens and a sperm of univalens). BORING (’ll) later 
pointed out that the last named explanation was not tenable in Hekla’s 
case, since the extra chromosome was considerably smaller than a normal 
chromosome of either variety. Boveri (’99) described several indivi- 
duals of univalens showing 3 chromosomes and attributed them to eggs 
which had not eliminated one of the normal 2 chromosomes in the 
maturation. As far as Boveri’s cases are concerned, this explanation 
was probably correct, for his figures show all 3 chromosomes to be of 
the same size. In 1909 however, Miss Boring showed an extra chro- 
mosome of smaller size in a bivalens. Boveri believed this extra chro- 
mosome to be an X chromosome which is normally fused with an 
autosome but was here accidentally detached. Edwards (’10a, ’10b) 
supported Boveri in this hypothesis and Frolowa (’12) claimed that 
whereas only one detached X is ever found in such exceptional males, 
females of this type always show 2 X. On this basis then, normal 
cases of Ascaris megalocephala have sex chromosomes, but these are 
ordinarily fused with the autosomes in such manner as to defy detection. 
In the males only 1 X is thus present, while the homogametic females 
carry 2 X. 

The problem was attacked in another way by Guieysse-Pellissier 
('09), Kautzsoh (’13), Geinitz (’15), and Walton (’24). As is well 
known, the chromosomes of the germ cells of Ascaris megalocephala 
are multiple in nature and in the soma cells break up into their com- 
ponents. If^ therefore the female has 1 X more than the male, that 
fact, so difficult to demonstrate by measurements, may appear in the 
number of chromosomes that appear in the soma. Guieyesse-Pellissier 
found indeed that different embryos of hivalens showed either about 62 
or else 70 chromosomes. Assuming that these two types represent male 
and female respectively, the X as found in the germ cells is thus com- 
posed of 8 elements, Kautzsoh, basing his conclusions on work done 
on univalens did not agree with Guieysse-Pellissier and estimated 
that the chromosome numbers of hivalens should be 135 and 144. 
Walton (’24) and several other investigators pointed out however that 
the individual chromosomes of the two varieties are not equivalent and 
that computations based on studies of univalens can not be applied to 
hivalens. The number of chromosomes given for hivalens by Walton 
himself was 96 and 104. 
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lu his investigation of univalens Kautzsch utilized some aberrant 
embryos which contained only the paternal chromosome in their cells 
The numbers arrived at were 63 and 72. Geinitz ( 15) and WALTON ( 24) 
however found the numbers to be 52 and 60. , , , 

In view of the discrepancies in the total number of chromosomes 
reported by the various observers, it seems peculiar that so close an 
agreement should obtain in regard to the number of chromosomes in 
the soma by which the two sexes differ. It is of course possible that 
the chromosomes of the germ cells may differ in respect to the degree 
to which, they break up in the somatic cells of different individuals. 
Such variation can not be shared by the sex chromosomes however for 
all observers agree that they always give rise to 8 or 9 elements. All 
in all it is perhaps safe to say only that there are strong indications 


With one exception, no cases of an XY condition have been defi- 
nitely established in the phylum. The exception in question is Contra- 
eaeeum incurvum (Ascaris incurva) in which GOODRICH (’14, ’16) des- 
cribed a compound X of 8 elements and a large Y for the male. The 
female probably has 2 compound X chromosomes of 16 elements. As 
already mentioned, Asearis felis (Belasearis mystax) may also have an 
XY in the male, although both BOVEEI and WaLTON opposed such an 
interpretation. MARCUS (’06) reported an XY in the males of a form 
that he called Ascaris canis, but WALTON believed that MARCUS stu- 
died Belasearis triquetra and that there is no Y but a compound X of 
2 components in that species. 

Some mention should be made of Rhabditis aberrans, in the males 
of which KRtOER (’13) described 2 heterochromosomes. These divide 
equationally in the first, but go to opposite poles in the second sperma- 
tocyte division. Only one of them is finally included in the developing 
sperms, the other being lost. It is possible that the latter may be a Y, 
although Frl. l^tJGER herself took both heterochromosomes to be X 
chromosomes. A Y may possibly be also involved in the case of Angio- 
sfomMOT (SCHLEIP, ’ll, Boveri, ’ll) where the male germ cells of the 
hermaphroditic generation contain 2 heterochromosomes as well as the 
female germ cells. It is significant however that in the meiosis of the 
male cells the 2 heterochromosomes show heteropycnosis while this does 
not occur in the female germ cells. The suggestion that one of the X 
chromosomes as found in the female cells is transformed into a Y in 
the male cells is therefore not an impossible one, especially as it seems 
safe to assume that the hermaphrodite is basically a female. The loss 
of one of the heterochromosomes in the second spermatocyte division 
occurs just as it does in JSAaWifis abejraws, and it would be 
the Y that one might expect to be thus eliminated in the present 
instance. It is evident that no final conclusion is possible at the 
present time. 

Further study of the complications that are so commonly encoun- 
tered in this phylum may throw a good deal of light on the question 
of compound sex chromosomes. It is also to be hoped that further in- 
vestigations of such features as diminution, hermaphroditism and com- 
plicated life cycles may be made in this interesting group. 
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NEMATODA 


Species 

■ Diploid 
Chromo- 
some 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Kemarks 

Eeference 



1st cyte 

2nd cyte 

tid 



Acuaria spiralis 

129 soma 
llcf soma 

6$ 

5 + X 

6$ 

5 

5 + X 

6$ 

5 

5+X 

Each chromo- 
some has 2 com- 
ponents 

Walton ’24 

Ancyracanikm 

eystidicola 

12 oog. 

11 spg. 
H&12clv. 

6 $ 

6 

6$ 

5 

6 

62 

5 

6 

— 

Mulsow ’ll, 
’12 

Angiosiomum 
(Ehabdiiis) 
nigrovemsa 
hisexTial gene- 
ration 

ll&12clv. 

6$ 

6 

6$ 

5 -f- X 

5 

69 

5+X 

5 

Sperms with 

5 probably 
degenerate 

SCHLEIP ’11a, 
11b 

Boveri ’ll 

hermaphroditic 

generation 

12 oog, 

12 9 soma 

6$ 

7 (==5+ 

2 sez 
chroms.) 

6 $ 

7 

62 

5 

6 

One sex chromo- 
some is lost in 
one of every 
two tids 


Asearis incurva 
(Contracaecum 
inmrmm) 

35 spg. 

is+xry 
H-x“ + 

+ XV4- 
Xvu_xtu 
-f X™* 

21 $ 

13 + T 

13 "I” 

+ + 
XUi-f-Xiv 

+ X^ + 

-f X^iii 

21 9 


! 

Goodrich 
’14, ’16 

Asearis lumhri- 
coides 

43 or 48 
civ. 

19 + Xi 
+ X« + 
XniJ_xiv 
-f X^ 

24 9 

19 

19 + X« 
+ X“ + 
Xin+Xi^ 
+ X'^ 

24 $ 


2nd cyte divi- 
sion e(][uational 

Edwards 
’ lOa, ’10b 
Bonnevie ’02 
Walton ’24 

Asearis megalo- 
eephala var. 
univalem 

52-63 cT 
soma 
60-72 $ 
soma 

1 

1 $ 

1 

19 

1 

19 

G-erm cell chro- 
mosomes mult- 
iple. Autosomes 
forming multiple 
with X. X = 8 
or 9 components 

Boveri ’ll 
Edwards 
’ lOa, ’10b 
Kautzsch’13 
Geinitz ’15 
Walton ’24 

Asearis megalo- 
cephala var. 
bmalens 

62— 186(/ 
soma 

70—144$ 

soma 

2 

2 $ 

2 

2$ 

2 

29 

Germ cell chro- 
mosomes mult- 
iple. Autosomes 
forming multiple 
with X. X = 8 
or 9 components 

Boring ’ll 
Guieysse 
Pellissiee’09 
Kautzsch’13 
Frolowa ’12 
Walton ’24 

Belascaris 
mystax 
(Asearis fells) 

18 cf soma 
18 9 soma 

8 4- XT 
9$ 

8-4-X 

8 + Y 

8+X 

8+Y 

Possibly no XY 
but X attached 
to autosome 

Edwards ’ll 
Walton ’16, 
’21, ’24 

.Belascaris 
iriqueira 
{Asearis mnis 
of Maecus?) 

44 or 48 
civ. 

10 + XI 
+ XII 

12 9 

10 + XI 
■+-XII 

10 

12 9 

10+X^ 

+XI 1 

10 

12 2 

^ Germ cell 
chromosomes 
are multiple 

Marcus ’06 
Walton ’24 


Zellen- and Befruchtmigslehre hrsg. V. Buclmer; I: Sclirader 5 
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Ii Species 

' 

l! 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

1st cyte 

2nd cyte 

tid 

j Coniracaemm 

S spiculigerum 

15 spg. 

16 oog. 

8 

8$ 

7 

8 

8$ 

7 

8 

89 

—• 

Walton ’24 

I<S ' — 

,j Crusia 

1 ientaculaia 

. 

12 spg. 

5 + X 

6 $ 

5 

5 X 

6 9 

5 

5 + X 

69 

Germ cell 
chromosomes 
are multiple 

Walton ’24 

, Filaria papillosa 

11 or 12 
olv. 

6$ 

6 9 

5 

5+X 

— 

Meves ’15 

; , Ganguleterakis 

’ spinosa 

20 cf soma 
24 $ soma 

4 + XI 
+ XII 
6$ 

4 + XI 
+ XII 

4 

69 

4+Xi 
+ XII 
4 

69 

Germ cell 
chromosomes 
are multiple 

Walton ’24 

J ' ■! SeteraJcis dispar 

i 

9 spg. 

10 oog. 

4 + X 
5$ 

4 

4 X 

59 

4 

4+X 

59 


Gulick ’ll 

Meterakis inflexa 

— 

4+X 

59 

4 

4 + X 

— 

— 

Gulick ’ll 

ji;! Seferakis 

* papillosa 

18 spg. 

20 oog. 

4 + X 

59 

4 

4 + X 

59 

4 

4+X 

59 


Walton ’24 

Meterakis 

; ' ' vesicularis 

9 spg. 

10 oog. 

4 X 

59 

4 

4 + X 

59 

4 

4 “{“X 

5 9 


Gulick ’ll 

Meterakis sp. 

9 spg. 

4 + X 

5 9 

4 

4 + X 

5 9 

4 

4+X 

5 9 

— 

Boveri ’09 

Nematospira 

11 spg. 

12 oog. 

5 + X 

6 5 

5 

5 + X 

69 

5 

5+X 

69 

Germ cell 
chromosomes 
are multiple 

Walton ' ’24 

Fhysaloptera 

RS iurgida 

10 oog. 

5 

59 

4 

4 + X 

59 

4 

5 9 

Germ cell 
chromosomes 
are multiple 

Walton ’24 

Frotospira 

II '''-i muris 



4 

4 + X 

59 

4 

59 


Walton ’24 

■ill , Bhabditis 

aberram 

18 clv”. 

10 

18 9 

10 

9 

18 9 

Probably all 
sperms degen- 
erate. No re- 
duction in egg 
(parth.) 

KrOgee ’13 

' % Bhabditis pellio 

^ (Schneider) 



6 


X in male to 
pole in Ist or 
2nd 

KeOning ’23 

Bhabditis sp. 


6 + X 

7 9 

6 

79 

X of male to 
pole in let or 
2nd 

KrONING ’23 


i 
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Species 


Sclerosiomum 
edeniatum (and 
other Sclerosto- 
mnm species of 
horse) 

Strongylus 


Strongylus 

paradoxus 


Strongylus 

micrurus 


Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 2nd cyte tid 

Remarks 

1 

11 spg. 

12 oog. 

5 + X 
6$ 


6$ 

X of male to 
pole in 1st or | 
2nd 

11 spg. 

5 + X 
6$ 

5 

5 + X 

69 

5 

5+X 

6 9 

— 

12 oog. 

11 spg. 
ll&12clv. 

5 + X 
6$ 

5 

5 + X 
6$ 

5 

5+X 

69 


- 

5 + X 

16 9 

5 

5 + X 

5 

5+X 



Eeference 


KDhtz 13 


KrOning ’23 
Struckmann 
’05 

Gulick 11 
KrOning ’23 


KrONING ’23 


Strongylus 

tenuis 

Syphacia 

obvelata 


(Ascaris) 


Triehosomoides 

eressicauda 


15 spg. 

16 oog. 


7 + X 
89 


5 

5 + X 


7 + X 

8 9 


30 spg. 

12 + XI 

12 

12 

— 

36 oog. 

+ 1 }^ + 

12 + XI 

12 + 


30 & 36 

Xm+xiv 

+ X'l + 

X' + 


civ. 

+ XV + 

XVI 

18 $ 

Xm+Xiv 
+ XV + 
XVI j 

18 9 

XII + 

XIII + 

XIV + 

XV + 

XVI 





18 9 



Gulick ’ll 


Walton ’24 


Walton 16, 
18, ’24 


Walton ’24 


MQLLUSCA 

Among Mollnsca heterochromosomes of any kind seem to have 
been reported only in several orders of the Gastropoda. The many 
earlier investigations even in that class give no account of what might 
be called a heterochromosome and it was not until after the discovery 
of sex chromosomes in other animals that claims of their occurrence in 
the molluscs began to appear. 

In the order of the Pulmonata the first report of a heterochro- 
mosome was made in species of Helix, Ziegler (’08) and Kleinert 
(’09) described a very large tetrad in the spermatocytes of that genus, 
but aside from the observation that it lagged on the spindle gave very 
little information that might justify the assumption that they had seen 
a sex chromosome. Sons (’10) reported in Helix arhustorum a pair of 

" 5 * , . . 
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m chromosomes aad also an unpaired chromosome -like body which he 
believed was cast oat into the cytoplasm in the coarse of the first 
spermatocyte division. He therefore regarded it not a chromosome 
but as a true nucleolus. Demoll (’ll, ’12) however could find no trace 
of m chromosomes in Helix pomatia but became convinced that the body 
which So6s had regarded as a nucleolus is really a double chromosome 
and perhaps a tetrad composed of 2 X elements. This passes undivided 
to one pole in the first division and is not cast out as Soos had claimed. 
Onlv the sperms which arise from the cell carrying the heterochromosome 
or sex chromosomes are capable of fertilization. Demoll s evidence is 
clearly inadequate either for his more general conclusions or for a demon- 
stration of the presence of sex chromosomes. It seems unfortanate that 
no more recent and adequate investigation is available in the Fulmonata, 
for the general occurrence of hermaphroditism in that group makes a 
knowledge of the sex chromosome conditions very desirable. 

In another order, the Opisthohranehia, hermajphroditism is also 
the typical condition, and there the technical difficulties are apparently 
not as great as in the Pulmonoto,. As long ago as 1904 Smallwood 
mentioned briefly an “accessory” chromosome which he had observed 
in the maturation of the eggs of Haminea, but gave no adequate des- 
cription of it. In 1911 Zarnik published a preliminary account of his 
studies in the group of pteropods, and in view of the fact that his 
remarkable conclusions have often been considered, a brief outline of 
his report may be given here. His main work was done on Oreseis in 
which he found 18 large and 2 small chromosomes in the spermatogonia! 
plates. In the first spermatocyte metaphase are found 9 large and 
1 smaller tetrad, and whereas the former divide normally in both divi- 
sions, the smaller element goes undivided to one pole in the second 
division. Two types of sperms are thus formed, carrying 9 and 10 chro- 
mosomes respectively. In the maturation of the egg are found 8 large 
and 2 small elements, all dividing in both divisions. Since all cleavage 
figures were found to show 18 large and 2 small chromosomes, and all 
female pronuclei carry 8 large and 2 small chromosomes, Zarnik con- 
cluded that only sperms carrying 10 large chromosomes are capable of 
fertilizing the eggs. According to ZARNIK this number of large chro- 
mosomes in the sperms is attained when in the second spermatocyte 
division the 2 small chromosomes do not divide, whereas the larger 
chromosomes all divide at that time. In this way all the chromosomes 
are brought to the same size. But this hypothesis, unsupported by 
actual evidence, does not cover all the peculiarities of the case, for the 
origin of the 8 large und 2 small tetrads in the egg from the diploid 
number of 18 large and 2 small chromosomes remains still to be ac- 
counted for. Zarnik therefore assumed that in the female somatic 
cells there is somewhere a diminution of 2 large chromosomes which 
results in a chromosome set of 16 large and 4 small chromosomes 
(which could then form 8 large and 2 small tetrads). Finally Zarnik 
assumed that the Small chromosomes represent sex chromosomes and 
that two of these do not undergo diminution in the male as they do in 
the female. Zarnik’s promised detailed paper has never appeared (un- 
less he so regards his 1913 account). As it stands, his account does 
not merit serious consideration, and SoftCTZ (’16, ’17, ’25) indeed concluded 


i;.; 
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after a renewed inYestigation of certain pteropods that heterochromo- 
somes are entirely lacking in those forms. 

In the Streptoneura (Prosobranchia) cytological evidence on the 
occurrence of sex chromosomes is somewhat confused. In 1913 KuschaKe- 
WITSCH figured a dividing chromosome showing a tendency to lag in 
the first spermatocyte spindles of Conus mediterraneus . and a similar 


Fig. 14. Faaeiolaria tulipa (Htman, ’28)— a Spermatogonial metaphase. b Spermato- 
gonial anaphase, c Besting phase of first spermatocyte, d Leptotene stage of first 
spermatocyte, e Pachytene stage of first spermatocyte, f Polar view of first spermato- 
cyte metaphase, p Side view of first spermatocyte division. 


chromosome in the second spermatocyte divisions of Vermetus gigas. He 
ascribed no special significance to this behavior at the time, bnt in a 
paper (’24) written shortly before his death he described heterochromo- 
somes or as he termed them, “allosomes”, in 8 different species. Since 
he tended to believe that these allosomes divided eqnationally in both 
spermatocyte divisions, he was forced to purely hypothetical assumptions 
in order to explain how the chromosome number is kept constant. 
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MOLLUSCA 


Species 

Diploid 

Chromo- 

some 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Kemarks 

Beference 

umber 

1st cyte 

2nd cyte 

tid 

Ceritium 

vulgaium 

— 

— 

— 

— 

One hetero- 
chromosome 

KUSCHAKE- 
WITSCH. ’24 

Columbella 

rustica 

— 

16 + 

— 


One hetero- 
chromosome 

SCHITZ ’16 
Kuschake- 
WITSCH ’24 

Coniis euroj^aeus 

— 

— 

— 

— 

One hetero- 
chromosome 

Kuschake- 
WITSCH ’24 

Conus 

mediterraneus 

— 

14 

14 


One lagging 
chromosome in 
first division 

KUSCHAIffi- 
WITSCH ’13 

Creseis acicula 

20 oog. 

20 spg. 

20 embryo. 

10 

10 $ 

10 

10 $ 

9 

10 

10 $ 

Status of sex 
chromosomes not 
clear 

Zarnik ’ll, 

’13 

Fasciolaria 

iulipa 

— 

30? + X 

; — 

— 

X to pole in 1st 

Hyman ’23 

Haminea 

soUtaria 

- 

16 $ 

16 $ 


One hetero- 
chromosome? 

Smallwood 

’04 

Helix 

arbustorum 

48? spg. 

24 

24 

— 

One hetero- 
chromosome? 

So6s ’10 

Helix 

pomaiia 

48 spg. 

24 

23 

24 


One tetrad to 
pole in 1st 
= XiX“? 

Demoll ’ll, 
’12 

Hyalea 

iridendata 

24 

— 

— 


Heterochro- 
mosome to pole 
in 1st (X?) 

Zarnik ’ll 

Hyalocylis 

striata 

24 

10 + XI 

+x» 

10 + XI 
+ X“ 

10 

10+Xi 

+x» 

Identification of 
sex chromosomes 
uncertain 

Zarnik ’ll, 

’13 

Marsenia sp. 

— 

— 

— 

— 

2 heterochromo- 
somes in male? 

Kuschake- 
WITSCH ’24 

I^assa mutahilis 

— 

— 

— 


2 heterochromo- 
somes in male? 

Kuschake- 
WITSCH ’24 

Neretina 

fluviatilis 

— 


— 

— 

1 heterochromo- 
some in male? 

Euschaee- 
WITSCH ’24 

Tiedemannia 

neapolitana 

28 spg. 

^ — 


' — 

Heterochro- 
mosome (X?) to 
pole in 2nd 

Zarnik ’ll 

Turitella 

communis 





2 unequal hetero- 
chromosomes 
(XY?)to opposite 
poles in 1st 

.BaTAILLON' 

,’24 

Turitella tereba 

— 

— 

— 


2 hetero- 
chromosomes? 

Euschake- 
. WITSCH ’24 

Turitella 

triplieaia 

— 

9—11 

— 

' — 

1 hetero- 
chromosome? 

SCHITZ. ’20 , ' , 

Yermetus gigas 

— 

14 

14 


1 lagging chro- 
mosome in 2nd 

Kuschake- 
WITSCH ’13, ’24 
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j , ScHiTZ (’16j ’20) stated that lie had been unable to establish the pre- 

I sen^e of heterochromosomes in Colmnbella rustiea (one of the forms in 

; which Kuschakewitsoh reported allosomes) but described in the first 

spermatocyte ^ of Turitella triplicata a chromosome which precedes the 
others in going to one pole. Whether this chromosome is unpaired or 
i whether it is^ the precocious member of an otherwise normal pair of 

j chromosomes is difficult to tell from his figures. In the allied species, 

I Turitella communis^ Bataillon (’21) described an unequal pair which, 

^ separating in the first spermatocyte division, precedes the other chromo- 

somes to the poles. This behavior suggested an XY pair to Bataillon 
I But the best evidence on sex chromosomes was given by Hyman (’23) 

who was able to trace a heterochromosome through the spermatogonial 
and fipt spermatocyte stages of Fasciolaria tulipa (fig. 14). In the former, 
it divides and begins its journey to the poles while the remaining chro- 
mosomes are still in the plate. But peculiarly enough, it pauses before 
reaching the pole, so that the other chromosomes divide and reach the 
poles while the heterochromosome is still lagging. Its behavior in the 
preparatory phases of the spermatogonia and spermatocytes is quite 
: characteristic, for it then lies definitely outside the nucleus although in 

^ contact with its periphery. (Kuschakewitsoh described a similar position 

for his allosome, although in some cases he showed it far removed from 
I the nucleus.) Hyman showed that the chromosome in question forms 

1 a long dense rod at the time when the other chromosomes have assa- 
rt the shape of long leptotene threads. After the synapsis stage, in 

which it can of course not take part, it appears as a string of ckro- 
momeres, but finally condenses and lies at one side of the fully formed 
chromosome plate. ^ Going undivided to one pole in the first division, 
its exact behavior in the second could not be followed, although Hyman 
assumes that it then divides equationally. In this case at least there- 
fore there is a strong indication that the heterochromosome concerned 
is a sex chromosome and that the XO condition characterizes the male. 
But it must be pointed out that even here the difficulty of making 
dependable chromosome counts and the technical obstacles which make 
a detailed study of the forms and size of chromosomes almost impossible 
militate against reaching a final conclusion. 

i 

^ ARTHROPODA 

CRUSTACEA 

In no member of this class has a conclusive demonstration of sex 
chromosomes been furnished as yet. Indeed, it is not certain which 
sex is heterogametic — although recent studies indicate that as in most 
other animals it is the male. As might be inferred from this, conditions 
are by no means favorable to cytological investigation, and this is espe- 
cially true in the Entomostraca where so many interesting but puzzling 
; observations in regard to the life cycle have been made and might be 

^ cleared up if only the cytology were better known. 

No heterochromosomes of any kind have been observed in the 
Ostracoda (SOHLBIP, ’09; MUllee-Cale, ’13), the Cirrepedia{KB,t!GrMS., 
’20), and the Phyllopoda (KtiHN, ’08). In the last named order. 
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two accounts of the spermatogenesis are 

(Chambbbs, ’13) and Daphma (Tayloe, 14). 

throws any light on the (luestion of sex chromosomes, nor is 

MUty that the males are haploid convincingly disposed of ^ 

in the remaining order of the Entomostraca, the Copepoda, that there 

is evidence of heterochromosomes, but their exact nature in t^s group 

is stffl in doubt. In the egg of Cyclops fuse^ a 

BEAtnsr (’09) and Matschbk (’10) have descnbed beside 5 ditetraas a 
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Kg. 15. Eersilia apodiformis (Koenhausee, ’15)— a Metaphase of first oocyte division 
■with one tetrad (s) showing no Qnerkerhe. 6 Metaphase of first spermatocyte showing 
11 antosomal tetrads and 2 unpaired heterochromosomes, c Two second spermatocyte 
metaphases, d Two second spermatocyte anaphases showing lagging heterochromo- 

somes (each already split). 

single, smaller tetrad which does not show the Querkerbe which characte- 
rizes the others and gives rise to their name. This tetrad goes und- 
ivided to one pole in the first maturation division. A m ma (’ll) believed 
that in some embryos of this species the diploid number of chromosomes 
is 11, the odd number suggesting the presence of a sex chromosome which 
might correspond to the heterochromosome described by Beaun and 
Matschbk. Similar heterochromosomes were found by these workers 
in maturing eggs of Cyclops affinis, C. prasinus, C. phaleratus, mi in 
some cases of C. v&rncdis. It is clear that if these observations are 
correct, it is possible that we are indeed dealing with a sex ehromo- 
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some, and its behavior would furthermore suggest that in these species 
it is the female that is heterogametic. 

A similar hypothesis does not seem possible in the case of Bersilia 
apodiformu (Koenhaitser, ’15). Both spermatogonia and oogonia here 
show 22 tetradlike chromosomes (they appear as tetrads because of the 
presence of a Qnerkerbe, but this is of no significance in the meiotic 
divisions, if Koenhausee is correct) plus 2 chromosomes of the simple 
type (i. e. without Querkerbe). In the egg pseudoreduction leads to 
12 true tetrads, 11 of which still show the Querkerbe. The course of 
the maturation divisions in the egg was not described. In the sperma- 
tocytes there are usually 11 tetrads and 2 unit chromosomes. The latter 
occasionally pair (in about a fourth of the cases), but whatever their 



Fig. 16. Cambaris immunis? (Fasten, ’14)— a Metaphase of first spermatocyte showing 
clump of eight heterochromosomes preceding autosomes to the pole, b Polar view of 
first spermatocyte metaphase showing 96 autosomes and a clump of 8 heterochromo- 
somes. c Polar view of second spermatocyte metaphase, showing 104 chromosomes 
and no visible distinction between autosomes and heterochromosomes. 


behavior in this respect, they always pass to opposite poles in the first | 

spermatocyte division. Since the second division seems to be equational, 
all spermatids therefore receive 11 ordinary chromosomes and 1 hetero- 
^ chromosome (fig. 15). It will be apparent that the behavior of the pair 

"f of heterochromosomes suggests an XY pair, so that in this case the 

male would be heterogametic. But it must not be forgotten that until 
the account of the maturation in the egg and the consequent fertiliza- 
tion and cleavage is complete, no final decision on this point is justified. 

Heberee (’24) found that in Anomaloeera, Diaptomus salinus, t 

and Heterocope wmwanm' certain irregularities appear in some of the | 

chromosomes in the spermatogenesis. Especially noteworthy is the l 

tendency on the part of one tetrad (a dyad in case of Anomaloeera) to i 

f remain separated from the metaphase plate of the first spermatocyte. | 

. J Some of his figures suggest that the tetrad is already on its way to j 

the pole and that therefore we are dealing with a precession of this \ 

element, but Hebeeer’s data do not throw any further light on the j 

nature of this heterochromosome. j 


i 
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CRUSTACEA 


Species 

' Diploid 
Chromo- 
some 
Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 2iid cyte | tid 

Remarks 

Reference 

Qamharus 

immunis 

— 

104 

1 

96 

104 

- 

X of 8 compo- 
nents in the male 

Fasten ’14 

Cyclops affinis 

— 

79 

— 

— » 

1 heterochromo- 
some in female 

Matschek 

’10 

Cyclops fuscus 
(var. distineius) 

11 in some 
embryos 

69 



1 heterochromo- 
some in female 

Braun ’09 
Matschek 
’10 

Amma ’ll 

Cyclops 

phaleraius 

13 civ. 

79 

69 

7 9 

69 

79 

1 heterochromo- 
some in female 

Matschek 
’09, ’10 
Braun ’09 

Cyclops prasinus 

— 

69 




Braun ’09 
Matschek 
’10 

Cyclops 

serrulatus 

14 oog. 

8 9? 



2 heterochromo- 
somes in female? i 

Braun ’09 
Matschek 
’10 

Cyclops vernalis 

10 oog. 

69 

69 



A heterochromo- 
some may or may 
not be present 

Braun ’09 
Matschek 
’10 

Diaptomus castor 

34 civ. 

15 9 

17 9 

17 

17 9 

3 chromosomes i 
fuse in 1st 
oocyte 

hacker ’08 
Matschek 
’09, 10 
Amma ’ll 

Gammarus 

chevreuxi 

26 spg. 

26 approx, 
soma 

■ 



XY in male? 

Palmer ’25, 
’26 

Mersilia 

apodiformis 

24 oog. 

24 spg. 

24 civ. 

. 

12 or 13 
12 9 

12 


2 heterochromo- 
somes in male 
may or may not 
pair in 1st. They 
go to opposite 
poles in 1st 

Kornhauser 

’15 


To a slightly different category belongs Braun’s account of meiosis 
in the egg ^ Gyelops serrulatus (’09). The preparatory phases show 
among the ordinary chromosomes, 2 smaller chromosomes. These go to 
opposite poles in the first division, and this division is therefore reduc- 
tional as far as they are concerned. ButBEAUN claimed that that member 
of the pair that did not pass out into the first polar body may either 
pass out into the second polar body or remain in the egg undivided. 
This would present the peculiar condition of a chromosome subjected to 
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two reduction divisions for wMcli the existing evidence is entirely 
inadequate. Finally may be mentioned the case of Diaptomus castor 
(Matschek, ’10) where in the meiosis of the egg 3 tetrads together 
form a ring. Here, as in nearly all the preceding cases, the data are 
not complete and nothing is known of the significance of the phenomenon. 

Passing to the group of Malacostraca mention should be made of 
Fasten’s (’14) observations on Gambarus immunis (fig. 16) where the 
first spermatocyte metaphases show 104 elements of which 8, lying in 
a distinct vacuole, are usually separated from the rest. In the first 
spermatocyte division this entire group goes to one pole while the other 
chromosomes divide normally. As a result half of the second spermato- 
cytes contain 96 and the other half 104 chromosomes. At this time 
the grouping of the 8 special elements or heterochromosomes is lost 
and thereafter it is impossible to distinguish them from the other chro- 
mosomes. Unfortunately Fasten did not make a complete study of the 
spermatogenesis nor did he investigate the oogenesis, his chief attention 
being directed to another species of Gambarus. 

The occurrence of an XY pair of sex chromosomes has recently 
been reported for the male Gammarus chevreuxi by PALMER (’25). The 
very brief preliminary paper does not however give his evidence for 
this claims 

It will be apparent that the whole question of sex chromosomes 
in the Crustacea is still unsettled. Heterochromosomes certainly occur, 
at least in the Copepoda and two of the Malacostraca. But since in 
the former they have been described in both sexes, and as in no case 
a complete cytological analysis has been made it is at present impossible 
to identify them as sex chromosomes. 


MIKIAPODA 

No species in this class of Arthropoda has been subjected to an 
adequate analysis in regard to sex chromosomes, although some interest- 
ing observations are available. Blackman’s studies on Scolopendra 
heros (fig. 17A-1-B) and S. spinipes are perhaps the most thorough. 
In both species the males seem to be of a simple XO type and two 
kinds of spermatids (16 and 16 -f- X) are formed. The odd chromosome, 
almost certainly the X, is recognizable already in the preparatory phases 
of the spermatogonia where it remains condensed and does not become 
diffuse like the autosomes. Similar behavior characterizes it in corre- 
sponding stages of the spermatocytes, where it also serves as a center 
in the characteristic karyosphere formation so often observed in these 
forms. According to most observers the karyosphere is formed by the 
aggregation of all the autosomal threads around the sex chromosome, the 
whole finally forming a more or less irregularly staining, round lump. 
The chromosomes reappear from the karyosphere as bivalent threads — 
except for the X, which as already noted, has no partner and remains 
compact. Blackman’s less detailed account of the spermatogenesis in 


^ Palmer’s more detailed paper (’ 26 ) strengthens Ms claim but it contains no 
information on the behavior of the heterochromosomes in the prophases nor does it 
give any evidence on the chromosomes of the female. 
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three species of Lithobius indicates that there conditions similar to the 
preceding obtain, bnt that technically these animals are not ^ favorable 
for an analysis of the chromosomes. In none of his papers did Blackman 
give any data in regard to the chromosomes of the female, or the somatic 
ceUs of the male, and Medes (’06) makes a similar omission in her 
report on Seutigera forceps. There is however little doubt that the 
males of the last named form also represent the XO condition. Botjin 
and AnOEL (’ll) working on another species of the same genus (S. cole- 
optrata) also reported the XO condition for the males, Mt believed that 
the sex chromosome divides in both spermatocyte divisions. In a senes 
of more recent papers, BOtUN (’20, ’22, ’26) reaffirmed and added to 
this earlier work. He was unable to count exactly the chromosomes of 
Scolopendra eingvlata-, but finally concluded that the spermatogonial 
number must lie between 28 und 32, without counting the heterochro- 
mosomes. In the preparatory phases of the spermatocytes he was able 
to demonstrate the synaptic stage which had escaped Blackman, but 
agreed in general with the earlier workers on the subject of karyosphere 
formation. Although he was unable to follow the heterochromosome in 
the spermatocyte divisions, he concluded (apparently merely because it 
does not stand out at this time) that it divides in both divisions. As 
a result each of the four spermatids resulting from the two divisions of 
a first spermatocyte carries the chromosome in question, so that on the 
basis of these observations it could hardly function as a tjqiical sex 
chromosome. BoxnN’s hypothesis of sex determination in this animal 
therefore is. based on an entirely different view point. As BLACKMAN 
had already mentioned earlier, there appear to be two lines of germ 
,1 cells which although alike in the general structure of their chromosomes, 

.‘f differ distinctly in size. BouiN’s suggestion is that the larger line of 

cells gives rise to female producing sperms, the smaller to male produ- 
cing sperms. This hypothesis, with little evidence to support it, necessi- 
tates subsidiary hypotheses, such as a separation of the large from the 
small elements in the males, and a subsequent redoubling of the chro- 
mosomes thus separated. It seems unnecessary to comment on these 
purely speculative aspects ofBouiN’s work, but a reexamination of the 
so called heterochromosome is urgently called for even though it seems 
unUkely, in case BociN’s observations are correct, that it is identical 
with the X chromosome described in other forms by BLACKMAN and 
Medes. 

AU the preceding species belong to the order of Chilopoda. The 
only other account in which sex chromosomes have been described is 
that of Oettinger (’09, ’10) on the diplopod Pachyiulus varius. 
Again only the spermatogenesis was described, a fact especially to be 
regretted because some very interesting special features appear in this 
instance. In general, no difference from the spermatogenesis of Chilo- 
poda seems to obtain here. The karyosphere is formed in a similar 
manner, and an unpaired heterochromosome, very probably an odd X, 
goes to one pole in the first spermatocyte division. The exceptional 
^ features do not especially concern the sex chromosome. Their pecu- 

liarity lies chiefly in such observations as the following: the chromo- 
, ■ somes reappear from the karyosphere in the diploid, not the haploid 

number; they nevertheless look like tetrads; in the metaphase plate of 
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Jig. 17. Seolopendra keros (Blackman, ’03)— a First spermatocyte showing origin of 
chromosomes from karyosphere. b First spermatocyte with split X and the antosomes 
evolved. Faehyulus varius (Oettinger, ’09)— c Figure showing tetrad structure of X 
in first spermatocyte division. 
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MYEIAPODA 


Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

1st cyte 

2nd cyte 

tid 

Litkohius 

mordax 

- 

24 X 

— 

— 

— 

Blackman 

’07 

LUhobius 

mutideniatus 

— 

24 *”{“ X 

— 

— 

— 

Blackman 

’07 

LUhobius sp. 

— 

24 + X 

— 

— 

— 

Blackman 

’07 

Fmkyiulm 

varius 

26 spg. 

13 

13 

12 

13 

12 

X is tetrad in 
form 

Oettinger 
’08, ’09 

Scolopendra 

(dngulata 

28—30 

spg. 

14—16 

14—16 

14-16 

— 

-Bouin ’20, 
’22, ’25 

Scolopendra 

keros 

33 spg. 

16 *4“ ^ 

16 

16 + X 

16 

16+X 

— 

Blackman 
’03, ’05 a, ’10 

Scolopendra 

subspinipes 

— 

— 


— 

In male X to 
pole in 1st 

Blackman 
’ 05 a 

Scutigera 

eoleoptraia 


17 + X 



Believe X divi- 
des in both di- 
visions 

Bouin & 
Angel ’ll 

Scutigera forceps 

37 spg. 

18 +X 

18 

18 + X 

— . 

— 

Medes ’05 


' 


v| 

II 

; Is 
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the first division they appear as octads, and they are then in the hap- 
loid number. Whether we are here dealing with a Qnerkerbe such as 
has given rise to so much confusion in various Crustacea and Nematoda, 
or whether we are concerned with a special development, can not be 
ascertained (fig. 17 C). Sokolofi’ (’14) working on Polyxenus does not 
seem to have observed anything similar to it, and SiLVESTRl ( 02) in 
his work on fertilization in the eggs of Myriapoda likewise makes no 

mention of it. , , , ^ 

All in all, it is probable that in Myriapoda the males are hetero- 
gametic and that they are usually of a simple XO type. Study of the 
diploid sets of chromosomes in both sexes as well as of oogenesis are 
however necessary before this can be regarded as definitely established. 


INSECT! 

In no other class of animals has so much information about the 
sex chromosomes been gathered as in this one. There is an astonishing 
number and range of observations , and it is no exaggeration to say 
that most of our knowledge about sex chromosomes is based on work 
done on the insects. For the sake of easier comprehension it has been 
necessary to treat the orders and in some instances the families separately. 

APTERA 

To my knowledge, the only species of this order in which sex 
chromosomes have been reported is Lepisma domestiea. CHARLTON (’21) 
reported 34 chromosomes in the sperm atogonial cells, 2 of these chro- 
mosomes tending to remain condensed during the resting and prepar- 
atory stages. During the growth and prophases the last named chro- 
mosomes often break up into irregular masses which in turn give rise 
to threads easily distinguishable from the autosomal threads because of 
their more intensive staining. It is during or following this stage that 
there is an end to end union of the two threads in question and very 
often the larger comes in contact with a plasmosome then present. 

The metaphase plate of the first spermatocyte finds 18 chromo- 
somes. The 2 heterochromosomes just described are usually connected 
with each other through a short thread, and pass together to one pole 
without becoming separated. Although Charlton’s figures of the second 
spermatocyte division are not decisive in this respect, it appears to me 
probable that the heterochromosomes divide equationally at that time. 
However, this point is not clear. 

Charlton’s conclusions were somewhat confusing. He evidently 
beheved that he was dealing with a compound X of two elements and 
therefore classified Lepisma with Syromastes in which Wilson had 
demonstrated the X’X''0 condition for the male. Nevertheless he defi- 
nitely stated in his description that after going together to one pole in 
the first division, the 2 heterochromosomes separate and pass to oppo- 
site poles in the second division. It is plain that if this description is 
followed literally, three types of sperms would be formed (16, 16 -1-X\ 
& 16-|-X“). An examination of female material and reexamination of 
the male is evidently in order. 
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Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

1st cyte 

2nd cyte 

tid 

Lepisma 

domestim 

34 spg. 

16 + XI 
+ X« 

16+ XI 
+ XII 

16 

16 + XI 
+ X« 

16 

Charlton’s 
account is self- 
contradictory as 
to divisions 

Charlton 

’21 



ORTHOPTERA 

So much work touching on sex chromosomes has been reported in 
this order and so much diversity is found to occur in the cytological 
behavior of the different families that a treatment of the whole order 
as a single unit would certainly prove too cumbersome. 

Acrididae: The number of chromosome studies in this one family 
is a very large one. Carothers, Davis, McCldng, Robertson, 
Wenrich and many others have made very painstaking analyses of the 
chromosome conditions in various species, and on the knowledge so 
gained rest a great many of our present conceptions about that aspect 
of animal cytolo^. The uniformity of the chromosomal phenomena as 
met in this particular family is surprisingly great. By far the largest 
number of species shows the diploid numbers of 23 and 24 for the male 
pd female respectively. Nearly all the exceptions are to be encountered 
in the subfamily Tettiginae, and here again the numbers encountered 
(13 and 14 for male and female) are in themselves remarkably constant 
for different species of that group. A similar uniformity is to be found 
in the behavior of the sex chromosomes. In every case the male shows 
the XO and the female the XX condition. Usually the sex chromosome 
is one of the larger chromosomes (often the third or fourth largest). 
It is conspicuous in the growth stages of the spermatocyte and often 
also in the spermatogonial cell because of heteropycnosis, while in the 
metaphase plate it is often easily recognizable throutrh a slightly rough- 
ened outline. In almost every detailed analysis it has been remarked 
that during certain stages the chromosomes are contained in vesicles 
which so far as the autosoraes are concerned may often fuse with each 
other at the extremities while that of the sex chromosome is set slightly 
apart and maintains its individuality. The vesicles are prominent espe- 
cially during the spermatogonial stages, in most cases disappearing only 
during the actual division (fig. 18). In a few cases (Wenrich, ’17) 
socalled “chromomere vesicles” have been observed in connection with 
the sex chromosomes during the growth and prophases. They have been 
interpreted as reservoirs for chromatin, loosing and regaining their stain- 
ability at different periods but always in contact with a certain chro- 
mosome (fig. 18 K). However, whatever their significance, they are not 
specifically associated with the sex chromosomes only, but have been 
seen in connection with autosomes as well (CarOTHERS, ’13). 

The X always passes undivided to one pole in the first and divides 
equationally in the second spermatocyte division. The study of the 
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■ ' Fig. 18 . w^cz^nws (WiiNEiCH, ’16)“*a Snermatogonial metapliase. 5 Spermato- 

gonial anaphase, c Spermatogonial prophase, d Late spermatogonial prophase, e Fre- 
leptotene stage of first spermatocyte (a = pair of antosomes). f Pachytene stage of 
first spermatocyte (g = composite granule breaking up into polar granules). ^ Meta- 
phase of first spermatocyte, h Interkinetic stage, i Metaphase of second spermatocyte 
with 11 chromosomes. J Metaphase of second spermatocyte with 12 chromosomes. 
dhorthippm mriipennis (Wenrich, 'll)— 1 c Zygotene stage of first spermatocyte showing 
chromomere vesicles on X and antosomes (c). 
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maturation in the eggs unfortunately meets with technical difficulties so 
that up to the present time no adequate account of it is available. 
However the chromosomes in the female have been open to study in 
somatic and younger germ cells so that no doubt of the actuality of an 
XX pair of sex chromosomes in that sex is possible. 

Departures from the common types of diploid complexes can in 
most instances be traced to a fusion of certain chromosomes, sometimes 
as early as the spermatogonia. Usually such a fusion takes place end 
to end. The smaller number of chromosomes observed in such cases is 
therefore only an apparent reduction. It is of interest to note that 
such fusion may sometimes occur between the sex chromosome and a 
certain autosome. No effect on the behavior of chromosomes thus asso- 
ciated can be noticed, the X condensing precociously in the spermato- 
genesis while the associated autosome behaves like the unattached auto- 
somes. In some cases like Chorthipjous curtipennis (ROBERTSON, ’16) 



Fig. 19. Periplaneia amerieana (Morse, ’09 ) — a Synaptatene stage of first spermatocyte. 
b Early diakinesis in first spermatocyte. X showing split and attached spherical 
plasmosome. c Anaphase of first spermatocyte, with X preceding autosomes to pole. 


the X although always in contact with an autosome during the prepara- 
tory phases of the spermatocytes, finally becomes separated in the meta- 
phase of the first spermatocyte diTision. In other cases Mke Hespero- 
tettix (Mo Clung, ’05, ’07) the association seems more or less permanent 
(fig. 9). 

Numbers larger than those commonly encountered are usually 
brought about by the presence of supernumeraries. Their exact origin 
is not known although it seems likely that they arise through some 
process akin to non-disjunction. 

Blattidae: MOOEE and ROBiNSON (’04) thought that in the male 
of Periplaneia the chromatin nucleolus as seen in the spermatogonia! 
and spermatocyte prophases is not identical with a sex chromosome, 
and then went so far as to doubt the existence of sex chromosomes in 
general. However already in 1906 Miss Stevens showed that in the 
closely related Blatta germaniea there is an unpaired odd chromo- 
some which is distributed to only half the second spermatocyte cells. 
Wassiliefe (’07) could confirm the numerical results obtained by 
Stevens, although he harshly criticized her work on several subsidiary 

Zellen- und BefiuclitEBgslehre krsg. v. Buchner; I: Schrader 6 
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points — notably in regard to tlie plasmosome associated with the chromo- 

some nucleolus during the growth stages of the spermatocytes. However, 
Morse’s careful comparative study (’09) of several Blattidae (fig. 19) 
showed that Wassiliepp’s own description of the behavior of the chro- 
matin nucleolus had been erroneous, that the plasmosome and chromatin 
nucleolus are connected with each other until the metaphase of the 
first spermatocyte, that the plasmosome then comes to lie outside of 
the spindle and that the chromatin nucleolus, contrary to MOORE and 
EOBINSON, does indeed give rise to the sex chromosome. In all four 
of the forms investigated by MORSE, the X passes to one pole in the 
first spermatocyte division. Finally, as Wassilieff had already shown, 
the diploid number of chromosomes in the female is always greater by 
one chromosome than the diploid number of the male. The female there- 
fore has the formula XX and the male XO. 

Gryllidae: Except for one genus, the forms here included repre- 
sent orthodox sex chromosome conditions, in which the males carry an 
unpaired X and the females 2 X. In the spermatogenesis the X goes 
undivided to one pole in the first and probably divides equationally in 
the second spermatocyte division. It seems worthy of mention that it 
was in the oogenesis of one of these forms, Gryllus eampestris, that 
Buchner (’09) reported a body which he interpreted as an unpaired 
sex chromosome. Since he believed that a body identical with this is 
present also in the spermatogenesis, he concluded that the so called sex 
chromosome can have no function in the determination of sex. A pro- 
longed controversy arose on these findings and it now seems certain 

that the body seen by Buchner in the cells of the female is not 

identical with a true sex chromosome as seen in the males , a . fact 

brought out especially by Gutherz (’07, ’08, ’09) and according to 

Mohr (’15) now conceded by Buchner himself. 

More unusual conditions obtain in both of the species of Gryllo- 
talpa that have been investigated. In G. borealis (fig. 20), Pa'yne 
(’12 b, ’16) reported a spermatogonial number of 23 and an oogonial of 
24 chromosomes (Baumgartner, ’12, may have also had this species). 
12 bodies are found in the first spermatocyte plate, including an un- 
equal bivalent or tetrad and one large, unpaired chromosome. In the 
first spermatocyte division the larger member of the unequal bivalent 
always passes to the same pole as the unpaired chromosome, whereas 
the smaller member of the bivalent goes to the opposite pole. The second 
division is equational for all chromosome. PAYNE tentatively inter- 
prets the unequal pair as an XY and the unpaired large chromosome 
as an odd X. Although on the available evidence no final conclusion 
is warranted, it seems possible that the unequal pair does not represent 
sex chromosomes at all but an unequal or heteromorphic pair of auto- 
somes. This leaves open the question of why the large member of this 
pair should always pass to the same pole as the odd large element. It 
may be pointed out that the case does not stand isolated in this feature, 
for a similar occurrence has been noted by Walton (’24) in the nema- 
tode Physaloptera. 

Still greater complications are encountered in the case of (?. wf- 
garis. PAYNE (’16) has shown that a great deal of confusion in that 
case arises from the fact that different European races of the species 
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different chromosomal conditions. VOINOV (’12, ’14a, ’14b, ’16) 
working with specimen from the vicinity of Bucharest first stated that 
the spermatogonial number is 14, but later qualified this report following 
the discovery that some cells showed 15 chromosomes. In the meta- 
phase of the first spermatocyte he reported 7 bodies, 3 of which deserve 
special mention (fig. 20 D). They are an L shaped chromosome (which 
VOlNOy believes to be an autosomal tetrad connected with an “acces- 
sory” i. e. a hexad); an unequal pair (called an XY by Vomov); and 
a small, dumbbell shaped bivalent (Voinov’s microchromosomes). To 
make a logical connection between the spermatogonial counts and the 
chromosomes as reported in the first spermatocyte, Voinov was forced 
to conclude that the 2 microchromosomes form ' a bivalent already in the 


% 



Pig. 20. G-ryllotalpa borealis (Payne, ’16) — a, b & c First spermatocyte division, , f 

showing all the chromosomes of a single figure, d First spermatocyte division showing i 

X and chromatoid body (c) at one pole. Qryllotalpa vulgaris— e The three questionable ' \ 

chromosomes in the first spermatocyte division, with Voinov’s interpretation. | 

spermatogonia and appear there as a single chromosome; that the I 

smaller member of his XY pair escapes detection during the same j 

period; and finally that one of the spermatocyte chromosome bodies is • 

really an octad (composed of 4 split autosomes) and not a true tetrad. j 

This would give a total of 17 spermatogonial chromosomes of unit value. i 

Senna (’ll) had indeed reported this number previously, but instead of j 

7 had found 9 chromosomal bodies in the first spermatocyte. VolNOV’s ,’i 

many assumptions have too little support in actual observations to merit 
any extended consideration at this time. Payne pointed out this lack 
of evidence for Voinov’s conclusions and showed further that Voinov 
could hardly have interpreted his hexad element correctly if the acces- , . 

sory and its associated autosomal tetrad go to opposite poles in the : 

first division. This would bring about the unprecedented case of an i;, 

autosomal tetrad dividing in only one of the meiotic divisions. Payne . 

and also Caeothees (’16) prefer to interpret Voinov’s hexad or L i; 

shaped chromosome as a tetrad of asymmetric shape, being formed per- : , 

6 * [[■■i 


84 


Franz Solirader 





haps by a pair of heteromorphic autosomes. Hfe XY pair on. the other 
hand may represent such a hexad, its composing elements being an 
autosomal tetrad joined with an X. This would ^ve Oryllotalpa m^es 
an odd or unpaired X chromosome. However it seems evident that 
Voinov’s m chromosomes as weU as his other peculiar elements should 
be reexamined, not only in the Bucharest race but also in other strains, 
and also that the chromosomes of the female should be studied care- 
fully instead of being entirely neglected ^ 

(Tettigonidae): Although generally speaking, the cyto- 
logical conditions in this family are not as favorable as in some other 
Orthoptera, the great size which makes the sex chromosome so conspi- 
cuous in many of the species of the locustids made them some of the 
first objects to be taken up in connection with this element. Already 
in 1899 Me Clung had noticed the large X in the males of Xiphidium 
and called it the “ accessory “ chromosome, and within two years 
DE SiNETY gave a further account of the behavior of this chromosome 
in a few other species of the family. In spite of this early work al- 
most no exhaustive account of the chromosome cycle in one of the 
Locustidae has been reported, MOHE’s studies of Loeusta viridissima 
and Leptophyes punctatissima being the only ones which take up a 
more detailed analysis of the chromosomes in the female as well as the 
exact behavior of the X in the male somatic and germ cells (fig. 3 and 4). 
However, the chromosomal phenomena appear to be so uniform through- 
out the family that it seems safe to assume that even in the less 
thoroughly investigated forms the behavior of the chromosomes does 
not depart in any important respect from that observed in a case like 
Loeusta. 

In every case investigated, the sex chromosome formula for the 
female is XX and for the male XO. In the latter, the X passes to 
one pole in the first and divides eq.uationally in the second division. 
At nearly all stages except that of actual division, the X is contained 
in a special vesicle apart from those of the autosomes. MOHE (’15, ’16) 
was convinced that its behavior in general parallels that of the auto- 
somes during the preparatory phases and that its precocious conden- 
sation during that time is due entirely to the fact that it has no partner 
with which it can go through the evolutions witnessed in the auto- 
somes (fig. 4). 

In this family also occurs the peculiar association reported in 
various other animals, between the X and an autosome. In Anabrus, 
Me Clung (’05) reported the sex chromosome of the male as united with 
one of the autosomes, hot only in the germ but also the somatic cells. 

Mantidae: Oguma’s work on the closely related forms Farateno- 
dera and Tenodera (’21) shows that in the males of both species there 
are 3 sex chromosomes — 2 unequal X elements and a relatively small Y. 
In the preparatory phases of the first spermatocyte these 3 sex chro- 
mosomes form a single, compact chromosome nucleolus from which they 
reevolve as the first metaphase is approached (fig. 21). During this 
process the two components of the X first tend to form threads whereas 


> Very recently (1926) Vonsrov has stated that the spermatogonial number may 
vary from 14 to 16, but that does not explain all the peculiarities of the case. 
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Species 

1. ACKIDIDAE 

Acridium 

granulaiuB 

Acridium 

incurvatus 

Acridium 

obseurus 

Acridium 

ornaius 

AcrolopMtus sp. ? 
Aeolojplus sp. ? 
Amphitornus sp .? 
ArpMa 

pseudonietana 
Arphia simplex 

Arphia tenehrosa 

ArpMa sp.? 

Aulocara sp.? 

Boopedon sp.? 

Brachystola 

magna 


Camnula 

pelludda 


Diploid 

Chromo- 

some 

Number 


13 spg. 

14 oog, 

13 spg. 
13 spg. 

23 spg. 
23 spg. 
23 spg. 
23 spg. 
23 spg. 
23 spg. 
23 spg. 
23 spg. 
23 spg. 
23 spg. 


nobothrus) Uedlor\ 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 

2nd cyte 

tid 

6 + X 

6 

6 + X 


— 


— 

e-fx 

— 

— 

6-fX 

— 

— 

11 H- X 

11 

11 + X 

— 

11 + x 

11 

11 + X 

— 

11 +x 

11 

11 4 - X 

— 

— 

— 

— 

11 + x 

— 

— 

11 + x 

11 

11 + X 

— 

11 -|- X 

11 

11 + X 

— 

11 — |- X 

11 

11 + X 

— 

" 11 + X 

11 

11 + X 

— 

~ 11 + X 

11 

11 + X 


11 — [- X 

11 

11 + X 


~ 11 + X 

11 

11 + X 

— 

11 + X 

11 

11 ■+ X 

— , 

8 + X 

8 

8 + X 

— 


Eemarks 


'Reference . 


X divides eq^ua- 
tionally in 2nd 

Male = XO 


X divides e^qua- 
tionally in 2nd 

X divides equa- 
tionally in 2nd 

X divides equa- 
tionally in 2nd 

X divides equa- 
tionally in 2nd 

X divides equa- 
tionally in 2nd 


1 or 2 super- 
numeraries 
often present 

X divides equa- 
tionally in 2nd 

X divides equa- 
tionally in 2nd 


Robertson 
’15, ’16 

Robertson 

’16 

Robertson 

’16 

Robertson 

’16 

Me Clung ’14 

Me Clung ’14 

McClung’14 

Meek ’I3b 

Carothers 

’13 

Davis ’08 
Me Clung ’14 
Me Clung ’14 
■ Me Clung ’14 


Sutton ’00, 
’02 

Carothers 

’13 

Carroll ’20 


Me Clung ’14 
Me Clung ’14 
Meek ’13 b 
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Species 

Diploid 

Chromo- 

sozne 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 


Number 

1st cyte 

2nd cyte 

tid 



Chorthippus 

Uguttulus 

17 spg. 
(probably) 

8 + X 

8 

8 + X 

— 

X divides equa- 
tionally in 2nd 

G-liEAED ’09 a, 
’09 b 

Chorthippus 

mrtipennis 

17 spg. 

8 + X 

8 

8 + X 


X divides equa- 
tionally in 2nd. 
Possibly sperma- 
togoeial synap- 
sis of 6 chromo- 
somes 

Davis ’08 
Meek ’12 
Lewis & 
Robertson, 
’16, 

Wenrich ’17 

Chorthippus 

parallelus 

17 spg. 

— 

8 

8 + X 

— 

— 

Meek ’ISb 

Chorthippus 

viridulm 

17 spg. 

8 + X 

8 

8 + X 

— 

X divides equa- 
tionally in 2nd 

Meek ’ll 

Chortophaga 

viridifaseiata 

23 spg. 

11 + X 

11 

11 + X 

— 

X divides equa- 
tion ally in 2nd 

Davis ’08 

Chortophaga sp. ? 

23 spg. 

11 + x 

11 

11 + x 


X divides equa- 
tionally in 2nd. 
Occasional sper- 
matogonia! 
unions 

Me Clung 
’05, ’14 

Circoietiix 

lohatus 

21 spg. 

10 + x 

10 

10 + x 


Supernumeraries 
present in some 
individuals 

Carothers 

’17 

Circotettix rabula 

21 spg. 

10 + X 

10 

10 + x 


Superntimeraries 
present in some 
individuals 

Carothers 

’17 

Clinocephalis sp.? 

23 spg. 

11 + x 

11 

11 + x 

— 

X divides equa- 
tionally in 2nd 

Me Clung 
’14 

Daetylotum sp.? 

23 spg. 

11 + x 

11 

11 + x 


X divides equa- 
tionally in 2nd 

Me Clung 
’14 

Dissosteira 

Carolina 

23 spg. 

11 + x 

11 

11 + x 

, — 

X divides equa- 
tionally in 2nd 

Davis ’08 

Dissosteira sp.? 

23 spg. 

11 + x 

11 

11 +x 

— 

X divides equa- 
tionally in 2nd 

Me Clung 
’14 

Eneoptolophus 

sp.? 

23 spg. 

11 + X 

11 

11 + X 

— 

X divides equa- 
tionally in 2nd 

Me Clung 
’14 

Eremnus sp.? 

23 spg. 

11 4 - X 

11 

11 + X 


X divides equa- 
tionally in 2nd 

i MeCLUNG ■ ' ■ 

^'’14'^" 

EadroUttix sp, ? 

23 spg. 

11 + X 

11 

11 +X 


X divides equa- 
tionally in 2nd 

Me Clung 
'’14': 

Hesperotettix 

hrevipennis 

. 

11 +x 

— 


Maturation 

normal 

Me Clung 

■■.■;’17 

Hesperotettix 

festims 

■ — ■ 

11 + x 

— 

— 

Maturation 

normal 

McClung - 

■■-’i7."::,"V 
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Species 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Keference 

1st cyte 

2nd cyte 

tid 

MesperoietUx 

pratensis 

22 (=23) 
spg- 

11(=11+X) 

11 

11(=11+X) 

— 

X divides equa> 
tionally in 2nd. 
X attached to an 
autosome 

Me Clung 
’05, ’17 

Hesperoteitix 

specioms 

22 (= 23) 
spg. 

11 (=ll-|--X) 

11(=11+X) 


X divides equa- 
tionally in 2nd. 
X attached to an 
autosome 

Me C lung 
’05, ’17 

Hesperoteitix 

viridis 

19—22 
(== 23) 
spg. 

11 + x 

■l-.E 

10(=ll-t-X) 

ii(=ii-i-x) 

11 

11 + X 

10 (=11) 


X divides equa- 
tionally in 2nd, 
X attached to an 
autosome 

Me Clung 
’05, ’17 

Hippiscus 

phoenic- 

opterus 

23 spg. 

11 + x 

11 

11 -j- X 


X divides equa- 
tionally in 2nd 

Me Clung 
’14 

Hippiscus 

tuberculatus 

28 spg. 

11 + x 

11 

11 + X 


X divides equa- 
tionaliy in 2nd 

Davis ’08 

Mecostethus 

sp.? 

23 spg. 

11 + x 

11 

11 + X 


X divides equa- 
tionaliy in 2nd 

Me Clung 
’14 

Melanoplus 

(Calopienus) 

aUaniis 

23 spg. 

11 + X‘ 

11 

11 + X 

— 


Nowlin ’12 
Meek ’I3b 

Melanoplus | 
bivittatus 

23 spg. 

11 +x 

11 

11 + X 

— 


Nowlin ’08 
Meek ’13 b 

Melanoplus 

dawsonii 

23 spg. 

— 

, — 

— 


Meek ’13 b 

Melanoplus 

differeniialis 

23 spg. 

12 

11 

12 

— 

X to pole in 1st 

Nowlin ’12 

Melanoplus 

femoratus 

28 spg. 

11 + x 

11 

11 + X 

— 

X divides equa- 
tionally in 2nd 

Davis ’08 

Melanoplus 

femur- 

rubrum 

23 spg. 
22 oog.? 

12 

11 

12 


X divides equa- 
tionally in 2nd 

Wilcox ’95, 
’96 

Nowlin ’12 

Melanoplus 

packardii 

28 spg. 

12 

11 

12 

— 

X divides equa- 
tionally in 2nd 

Nowlin ’12 
Meek ’13 b 

Mermiria 

bivittata 

22 (= 23) 
spg- ^ 

22 (= 24) 
$ soma 

11(=11+X) 

11 

11(=11+X) 


X attached to 
autosome in both 
sexes 

Me Clung 
’05, ’17 

Mermiria 

sp*? 

28 spg. 

11 + x , 

— 

— 

X not attached 
to autosome 

Me Clung ’17 

Mestobryma 23 spg. 
sp.? 

11 H-x 

” 11 + X 


X divides equa- 
tionally in 2nd 

Me Clung ’14 



88 


Franz Schrader 


Species 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

H 

Reference 

1st cyte 

2nd cyte 

tid 

Nomoieitix sp.? 

13 spg. 

— 

— 


cf = XO 

Rayburn ’17 

Oedipoda sp.? 

23 spg. 

11 + X 

11 

11 + X 

— 

X divides equa- 
tionally in 2iid 

Buchner ’09 

Orphulella sp.? 

23 spg. 

11 + X 

11 

11 + X 

— 

X divides eqna- 
tionaliy in 2nd 

Me Clung 
’14 

Famphagus 

marmoraius 

19 spg. 
20$ soma 

94-X 

9 

9 + X 

— 

X divides equa- 
tionaliy in 2nd 

G-ranata ’10 

Farateiiix 

mculatus 

— 

6 + X 

— 

— 

X to pole in 1st 

Robertson 

’16 

Faratettix 

texanus 

— 

6 + X 

— 

— 

X to pole in 1st 

Robertson 

’16 

Faratettix sp.? 

13 spg. 

e + x 

6 

6 + X 

— 

X to pole in 1st 

Harman ’15, 
’20 

Faroxya sp.? 

23 spg. 

11 + x 

11 

11 + X 

— 

X divides equa- 
tionally in 2nd 

Me Clung 
’14 

Fhilbostroma 

sp.? 

23 spg. 

11 + x 

11 

11 + X 


X divides equa- 
tionally in 2nd 

Me C lung 

’14 

Fhaeialiotes sp.? 

23 spg. 

11 “j- X 

11 

11 + X 

— 

X divides equa- 
tionaliy in 2nd 

: Me Clung 
’14 

FhrynoUUix 

magnus 

23 spg. 

11 + x 

11 

1 1 +• X 

— 

X divides equa- 
tionaliy in 2nd 

PiNNEY ’08 
Wenrich ’16 

Froracorypha 

sp.? 

23 spg. 

11 + x 

11 

11 + X 

— 

X divides equa- 
tionally in 2nd 

Me Clung 
’14 

Fseudopomala 

sp.? 

23 spg. 

11 + X 

11 

11 + X 

— 

X divides equa- 
tionally in 2nd 

Me Clung 

’14 

Fseudotrimero^ 
iropis caerulei^ 
pennis 

23 spg. 

11 + x 

■ 


. 

King '23 

Fseudoirimero- 
iropis cyanei- 
' pennis 

23 spg. 




— 

King ’23 

Fseudotrimero- 
iropis thallasica 

21 spg. 




Small number 
possibly due to 
spermatogoniai 
union 

King ’23 

Fsinidia sp. ? 

23 spg. 

11 +x 

11 

11 + X 

— 

X divides equa- 
tionally in 2nd 

Me Clung 
+14. . 

Mhomaleum sp. ? 

23 spg. 

11 + x 

11 

11 + X 

— 

X divides equa- 
tionaliy in 2nd 

Me Clung 
’14 

Sehistocerca 

alutaeea 

28 spg. 

12 

11 

12 ' 

— 

cf = XO 

Hartmann 

’13 


Schistocerca 

alutacm 
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Diploid 

Chromo- 

some 

Number 


Eeference 


SeMsiocerca 

americana 


Hartmann 


Schistoeerca 


Me Clung 


divides equa- 
ually in 2nd 


Me C lung 


Seirieitica sp.? 


divides eqna- 
nally in 2nd 


Me Clung 


divides eqna- 
nally in 2nd 


Spharagemon 

sp.? 


divides eqna- 
nally in 2nd 


Artom ’09 


Stauronotus 

maroccanus 


Montgomery 


Montgomery’s 
icconnt probably 
erroneous. 

X divides equa- 
tion ally in 2nd 


amticornis 


Robertson 


Robertson 


Syrbula 

admirabilis 


Robertson 


Syrbula fuscu' 
viitaia 


Me Clung 


X divides equa- 
tionally in 2nd 


Syrhula sp.? 


Robertson 


Tettigidea parvi- 
pennis-pennata 


Robertson 


Supernumerary 
in some cases 


Tettigidea 

parvipennis 


Carothers 


X divides equa- 
tionally in 2nd 


Trimerotropis 

fallax 


Carothers 


X divides equa- 
tionally in 2nd 


Trimerotropis 

suffusa 


Me Clung 


X divides equa- 
tionally in 2nd 


Trimerotropis 


Me Clung 


X divides equa- 
tionally in 2nd 


Tropidolophus 


Brunelli 
’10, ’ll 


Tryxalis nasuia 


Me Clung 


X divides equa- 
tion ally in 2nd 


Tryxalis sp.? 


2. BLATTIDAE 
Blatia germanica 


Stetens ’05 
Wassiliepp 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 

2nd cyte tid 

12 

11 - c 

12 

11 -fX 

11 -- ] 

11-+-X t 

11 + x 

11 ] 

11 + X t 

11 + x 

11 — : 
11 + X t 

11 + x 

11 — : 
11 + X 1 

11 -fX 

11 — 

11 4-x s 

11 + x 

11 - 
11 + X 

12 

— — 

11 +x 

11 — 
11+X 

6-fX 

“ — 

6-l-X 

i 

6 — 

6 + X 

' 11 + X 

11 — 

11 + X 

' 11 + X 

i 

11 — 
11+X 

" 11 X 

11 — 

11 + X 

11 -^-x 

11 — 

11 + X 

10 4- X 

— — - 

11 -fX 

11 — 

11 + X 

11 + X 

11 — 

11 + X 
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Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

' Remarks 

Reference 

1st cyte 

2nd cyte 

tid 

Leucophaea 

maderiae 

23 spg. 

24 oog. 
24 $ soma 

— 

11 

12 

— 

Unpaired X to 
pole in 1st 

Morse '09 

JPeriplaneia 

mnericana 

33 spg. 

34 oog. 
34 9 soma 

16 + X 

16 

16 X 

16 

16 -f-X 

X in cT closely 
associated with 
plasmosome 

Moore & 
Robinson '04 
Morse ’09 
Hogben ’20 

Siylopyga 

oruntalis 

— 


■ 


Probably an odd 
Xincfasin other 
Blattidae 

Morse ’09 

3.GRYLLIDAE 
Apithes agitator 

13 spg. 

e + x 

— 

— 


Baum- 
gartner ’16 

Gryllotalpa 

borealis 

23 spg. 

24 oog. 

12 

12 

11 

12 

11 

After pseudo- 
reduction, 1 acces- 
sory and 1 uneven 
pair 

Payne ’12, 
’16 

Gryllotalpa 

vulgaris 

(Bucharest) 

W(+)spg-, 

possibly 

17 

7 

7 

7 

Analysis of 
chromosomes 
doubtful 

Voinov ’12, 
M4a, ’14h, 
’16, ’25 

Gryllotalpa 

vulgaris 

(Freiburg) 

12 spg. 

6 

■ 

— 

Includes 1 un- 
equal pair 

VoM Rath 
’92, ’05 
Payne ’16 

Gryllotalpa 

vulgari8(li^\j?) 

17 spg. 

9 

— 

— 

Unmated X to 
pole in 1st 

Senna ’ll 

Gryllotalpa 

vulgaris 

(Naples) 

16 spg. 

8 



After pseudo- 
reduction, 1 un- 
even pair, 1 ac- 
cessory, and 1 
heteromorphic 
pair 

Payne ’16 

Gryllus 

assimilis? 

29 spg. 

14 + X 

14 

14 + X 


— 

Baumsaet- 
NEB ’02, ’04 

Gryllus 

campesiris 

29 spg. 

14 + X 

14 

14 + X 


Accessory repor- 
ted in $. Retrac- 
ted according to 
Mohb 15 

Buchner ’09, 
’10 

Gryllus desertm 

21 spg. 

10 + x 

— 


Unmated X tO; 
pole in 1st 

BEUNEIiLl’OO 

Gryllus 

domesticus 

21 spg. 

21 cf soma 

22 oog. 
22$ soma 

10 + x 

10 

10-i-x 



Gutheez ’07, 
’08, ’09 
Baumgaet- ' 
■-'NEE, ’04 . • 
Meek ’13 h 

Gryllus sp.? 

23^8pg. 
24$ soma 

12 


— 


Baumgart- 
ner ’12 
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Diploid 

Chromo- 

some 

Number 


Eemarks 


RefereD,ee 


4.L0CUSTIDAE 
Anahrus sp.? 


divides equa- Mc CLUNG 
anally in 2nd. ’02’, 05, 
is united with 
i autosome te- 
trad during 
meiosis 


CeuihopMlus 

laUhrieola 


iu THOMPSON 
’ll 


Supernumaries Stevens ’12 
present in varia- 
ble number 


CmihopMlus^^.2\ 37 spg. 


Mc Clung 


Comcephalus^p,'^] 33 spg, 


Vejdowsky 


Dectieus 

verrucivorus 


Buchner ’09 


Deetims 

verrucosus 


Diestrammena 

marmoraia 


X divides equa- WooLSEY ’15 
tionally in 2nd 


Jamaieana flava 35 spg. 


1 individual WooLSEY ’15 
showed two auto- 
somes fused. X 
divides equati- 
onally in 2nd 


Jamaieana 

subguttata 


WooLSEY ’15 


Some individuals 
showed certain 
autosomes fused 


Jamaieana 

unieolor 


Mohr ’15 


Leptophyes 31 spg. 

punctatissima 3 1 son 

32 oog. 


X divides equa- Otte ’06,’ 07 
tionally in 2nd. Mohr ’16 
Otte gives 33spg. 


Loeusta 

viridissima 


X divides equa- Me Clung 
tionally in 2nd ’02 


Mierocenirum 


X divides equa- Me Clung 
tionally in 2nd ’02, ’14 


Orchestims sp.? 33 spg. 


Orchelimum 

vulgare 


33 spg. 

34 oog. 
neither 
count 
certain 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 

2nd cyte 

tid 

16 + x: 

16 

16 + X 


— 

— 


18-f-X 

18 

18 H- X 


_ 

__ 

— 

11 + x 

11 

11 “j— X 

11 

11-fX 

— 

— 

— 

28 + X 

H 

+ 
00 00 

— 

17 + X 

17 

17 -fX 

— 

17 + X 

1 

17 

17 + X 


17 “f- X 






14 + X 

L 

14 

14 -|- X 


16 *-}— X 

16 

16 -|— X 

— 

' 16 + X 

16 

16 “f“ X 

— 














■'■''..'I ' ,. 

Ail’ I 



Ofchdimum 

concinnum 


33 spg. 

34 oog. 
neither 
count 
certain 


Orphania 

denticauda 


Plaiycleis grisea 


Sieiroxys 


Sienopelmatus 47 spg. 
sp.? ' 


Xiphidium 

faseiatum 


5. MANTIDAE 
Faratenodera 
aridifolia 


27 spg. 


Temdera 


6. PHASMIBAE 


Lepiynia 

atienuata 


spg- 

36 (= 38) 
oog. 


Menexenus 

obiusespinosus 


Dixippus 

moTosus 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Reference 

1st cyte 

2nd cyte 

tid 



— 

— 

— 

+ = XO. 

9 =2X. 

X very large 

King ’24 

15 + X 

15 

15 + X 

— 

X divides equa- 
tionally in 2nd 

DE SiNETY ’01 

— 

— 

— 

X to pole in 1st 
andequationally 
in 2nd 

DE SiNETY ’01 

16 +X 

16 

16 — j- X 

— 

X divides eqiia- 
tionally in 2nd 

Me C lung 

02, ’14 

14 -j— X 

14 

14 4~ X 

— 

X divides equa- 
tionally in 2nd 

Davis ’08 
Meek ’13 b 

— 

23 

28 + X 

— 

’05 account has 
erroneous chro- 
mosome counts 

Stevens ’05, 
’09 

— 

— 

— 

Identified X 
chromosome in 

Me Clung 
’99 

16 + X 

16 

16 + X 

— 

X divides equa- 
tionally in 2nd 

Me C lung 
’99, ’01, ’02, 
’08, ’14 

12 + 
X'X'iT 

12 + XI 
+ SP 

12 + Y 

— 

$=2X'+2X“ 

Oguma ’21 

12 4- 

12 + X" 
+ X" 

12 + T 

— 

$=2X‘ + 2X" 

Oguma ’21 

17 + X 

17 

17 + X 

— 

X divides equa- 
tionally in 2nd 

Jordan ’08 a, 
’08b 

18 (=18 
+ X) 

18 

18 (= 18 
+ X) 


X attached to an 
autosome 

DE SiNETY, ’01 

. — . ■ 

— 

— 

Probably has X 
attached to an 
autosome in (f 

DE SiNETY ’01 

28 (+) 
62—64$ 

— 

— 

DE SiNETY sug- 
gests X attached 
to an autosome 

DE SiNETY ’01 
Pehani ’25 


1 






7 


•" •- 
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the Y remains compact. In the division both components of the X pass 
to the same pole while the Y goes to the pole opposite. In the second 
division all sex chromosomes divide eqnationally. Since the autosomes 
divide normally in both divisions, it is clear that 2 types of sperms 
must be formed, one with + X“, the other carrying the Y. The diploid 
set of chromosomes as seen in the female clearly includes no Y, but 
2 X^ -f” ^ so that the main course of the chromosome cycle seems clear. 





Fig. 21, Tenodera superstitiosa (Oguma, 21) — a, b, g Sc d Successive stages in the 
behavior of the sex chromosomes of the first spermatocyte. The two components of 
the X are more diffuse than the Y. 


Phasmidae: According to JOEDAN (’08a, ’08b) tbe males of Aplopus 
have the XO condition, with segregation occurring in the first sperma- 
tocyte division. Attachments between the X and an autosome were 
reported in the males of several other species of the family (de Sinety, 
’01), these being the first cases in which such association was disco- 
vered. The chromosome numbers seem to be quite high in most cases 
and as Pehani (’25) has recently shown, accurate counts are often 
almost impossible. 


DERMAPTERA 

Randolph (’08) reported an XY pair in the males of Anisolabis, 
resting her claim on the fact that there is a chromatin nucleolus in the 
growth stage and that one pair of chromosomes lags on the first 
spermatocyte spindle. The work done by other investigators in this 
order has been centered on the single species Forficula auricularia. 
ZWBIGEE (’06 a & b) was astonished to find that the number of chromo- 
somes in spermatogonial cells is variable, some carrying 24 and others 26, 
both numbers occurring in different cysts of a single testis. In the 
first spermatocyte there are 12, 13, or 14 chromosome bodies, and 
anaphases show 1 or 2 lagging chromosomes. The same numbers are 
found in the second division. ZWEIGEE did not hesitate to identify 
the chromosomes responsible for these numerical variations as sex chromo- 
somes and therewith arrived at the generalization that sex chromosomes 
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can be of no significance in sex determination but rather represent 
chromosomes that are rndimentary or degenerating.^ STEVENS (10) 
working on the same species described an unequal pair of chromosomes 
the members of which separate and pass to opposite poles in the first 
division, whereas the second division is equational. This evidence thus 
indicated an XY pair in the male, but it is to be noted that Miss 
Stevens also reported some variation in the number of elements in the 
first spermatocytes (11, 12 & 13). MEEK’s work (’13a, ’13b, 15) threw 
no further light on this aspect, but Payne (’14) took up the question 
with a view of investigating the chromosomal variations. Unlike Stevens 
he hesitated to identify the XY pair, but confirmed fully the previous 
reports on the variations in the chromosome numbers. According to 
Payne the most probable explanation for the different numbers observed 
lies in the failure of some of the chromosomes to pair in the first 
spermatocyte. Thus the number 13 really represents 11 tetrads and 
2 univalent chromosomes that have failed to conjugate. Payne’s inter- 
pretation receives support from his figures, but it seems certain that it 
is not applicable to all variations observed in the species. He himself 
reported sperm atogonial numbers (where no pairing can be involved) 
varying from 24 to 27, not to mention two oogonial counts of 25, and 
the most natural conclusion seems to be that there are additional com- 
plications due to supernumerary chromosomes. Unfortunately nothing 
definite on their behavior in the meiotic growth stages has been reported, 
the evidence on the nucleoli present during that time being confusing. 


AnisohUs 

mariiima 


Forfirula 

auricularia 


DEEMAPTEEA 


Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

1st cyte 

2nd cyte 

tid 

24 spg. 

24 oog. 

24 $ soma 

12 

12 

12 

XY distinguish- 
able only in 
growth stages 
and because of 
lagging 

Randolph 

’08 

24—27 

spg. 

25 oog, 
(not j 
certain) 

12—14 

11-14 

10—14 

Probably XY to 
opposite poles in 
Ist. Variation in 
numbers possibly 
due to failure 
of some chromo- 
somes to pair 

Meek T3a, 
’IBb, ’15 
Payne ’14 ^ 
ZWEIUEE 
’06 a, ’06 b 
Stevtsns ’10 


NEUKOPTERA (Corrodentia, Odonata, Plecoptera, Trichoptera) 

For the sake of conTenience, the orders which were formerly in- 
cluded in the one large group of Neuroptera are here taken up together. 
In a measure their diyersity is reflected in the conditions observed in 
the sex chromosomes. 
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Already in 1901, Mo Clung stated that he had found an accessory 
chromosome in the Nenroptera, but neither this remark nor a similar 
one made later by BUCHNER (’09) was elaborated by these two authors. 
For the rest, the yarious accounts may be summed up as follows: In 
both the Corrodentia and the Odonata, the simple XO condition 
seems to obtain in the males. But only in the last named order has a 
study of f^emale as well as male ceils made a demonstration of this 
condition more or less complete (in Anax, Lefevre & Me GILL, ’08). 
Among the Triclioptera^ Lutman (’10) has reported precocious con- 
densation^ in one of the tetrads of the first spermatocyte division, but 
his description permits of no definite interpretation in regard to the 
nature of the chromosome or chromosomes concerned. In the Plecoptera 



Fig. 22. Ferla margimta (JUNKER, ’23)— a Leptotene stage of first spermatocyte 
(X and X* = components of compound sex chromosome), b Leptotene stage in “male 
oocyte”, no heteropycnosis being in evidence, c Leptotene stage in oocyte of female. 
True nucleolus shown, d Spermatogonial metaphase, e Oogonial metaphase, f Meta- 
phase of “male oogonium”. 

some very interesting conditions are found. Nakahara (’19) reported, 
an XY in the male of Perla immarginata, and although he did not check 
his findings by a study of the conditions in the female, his conclusion 
receives every possible support from the spermatogenesis. Peculiarly 
enough, in a species closely related to the form studied by Nakahara, 
the general organization as well as the chromosomal conditions are quite 
different (fig. 22). The form in question is Perla marginata where it 
has been known for some time that males show an ovary-like structure 
connected with the testis. In 1923 Junker showed that the spermato- 
genesis has the following course: Spermatogonia contain 22 chromosomes, 
all but 2 of which can evidently be arranged in pairs. In the pre- 
paratory stages of the spermatocytes, 2 unequal chromatin nucleoli form 
2 threads that are shorter and stain more intensely than the autosomal 
threads. A slight tendency toward pairing is noticeable in these 2 threads, 
but in the metaphase plate they have condensed to form 2 separated 
chromosomes, whereas the autosomes have paired to form 10 tetradA' 
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The heterochromosomes do not divide in the first division and both pass 
to the same pole, while in the second division they divide equationally. 
Since the autosomal tetrads divide normally, it is plain that sperms with 
10 and 12 chromosomes are formed and that the male has an unmated 

compound rpjjg Opioid number in the female 

is 24. These conjugate normally in the preparatory phases o the meiotic 
divisions and no trace of a heteropycnosis is observable. As might be 
expected from the study of the male then, 
somes comprise 2 compound X cliromosomes, XX “f-XX . 
markable feature is embodied in the behavior of the sex chromosomes 
of the ovary-like structures (the “male ovary’) of the male. Although 
the cells there have the typical male chromosome comgex, i. e 22 chromo- 
somes, the 2 unequal components of the compound X form long t]ireads 
like the autosomes. This occurs despite the fact that neither of them 
has a mate and therefore cannot undergo a synaptic stage like the 

paired autosomes. . , j, ui * + 

Conditions in the Is opt era are unfortunately unfavorable to cyto- 
logical analysis. Stevens (’05) could find no sex chromosomes in 
Termopsis angusticoUis males. It is to be hoped that some of the tropical 
species will be investigated and that thereby some light may be thrown 
on the origin of the different castes. 


NEUUOPTEEA 






Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

1st cyte 

2iid cyte 

tid 

Anax junius 

28$ soma 
27 spg. 

13 + X 

13 “j- X 

13 

13 + X 

1 

— 

Lefevbe & 
McGill ’08 
McGill ’04 
i Smith ’16 

CerasMpsoms 

venosus 

17 spg. 

8 + X 

8 

8-fX; 


2nd division 
probably equa- 
tional for X 

Boring ’13 

Libellula 

basalis 

25 spg. 

12 ”4" X I 

12 

12 “4" X 

12 

12 + X. 

— ■ 

Smith ’16 

Perla 

immarginata 

10 spg. 

4 + XY 

4 + X 
4+T" 

44-X 

4 + T 


Nakahara 

19 

Perla 

marginaia 

24 oog. 

22 spg. 
22c:fovary 

lO + X^ 

+w 

lO + X^ 
A-.XK 

10 

10 + x, 
+ w 

10: '■ 

,SeX; chromo- • 
somes in female 
■2XI + 2XIJ 

Junker' ’23 

Platyphylax 

designatus 

55—60 

oog. 

30 

30 


One tetrad con- 
denses in advance 
of the others, 
possibly an' XY 

XUTMAN ’10 

Sympeirum 

semicireetum 

'25 spg. 

12-f-X 

12-f-X 

12 

12 + X-: 


Smith 16 
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COLEOPTEEA 

Hbnking suggested iu 1892 that a small chromatin nucleolus 
present in the male germ cells of AgelcLstiea alni may he similar in 
nature to a like body that he had already found in the hemipteran 
Pyrrhocoris and which, as we now know undoubtedly represented the 
sex chromosome. In 1902 Peowazek noticed that a large number of 
first spermatocyte divisions in Oryefes showed a peculiarly formed chro- 
mosome that lagged on the spindle. Despite the fact that he suggested 
that two kinds of sperms might be produced in this beetle, Prowazek 
was several steps removed from recognizing the true mechanism of the 
distribution of sex chromosomes and their true significance. HOLMGREN’s 
conclusions (’01, ’02) that two kinds of sperms are produced in Stajphy- 
linus and Silpha were based chiefly on differences that he believed to 
have observed in the spermatogonia and not at all on a recognition of 
the sex chromosomes. VOINOV in 1903 described as an accessory chro- 
mosome in Cybister a body which is divided in both spermatocyte divi- 
sions and finally assumes an extranuclear position in the spermatid. It 
is possible that he really was dealing with an XY pair, but in that 
case it is not likely that the extranuclear body of the spermatids was 
traced correctly. All in all, no definite conclusion is possible about these 
earlier investigations, and it was not until 1905 when Miss Stevens 
published her first paper on chromosomes in Tmebrio that sex chromo- 
somes were definitely described and recognized as such in this group. 

In the great majority of the large number of cases where sex 
chromosomes have been described in Coleoptera since 1905, no complete 
analysis has been made. Very often the conclusion that sex chromo- 
somes are present has been based on an examination of metaphase plates 
of the first spermatocytes only. In some cases the identification of the 
material worked on was incomplete or inaccurate and Miss Stevens’ 
own work on beetles is not above criticism in this regard. A certain 
amount of confusion as to the details in regard to the sex chromosomes 
in this order is largely attributable to superficial work of this Mud. 

Goldsmith (’19) has ^ouped sex chromosomes as they occur in 
Coleoptera under three headings. In elaborating the general status of 
the question, a similar grouping will be followed there: 

a) The XO condition has been described in the males of a number 
of widely separated species. The X goes undivided to one pole in the 
first spermatocyte division in every case except one, this exception being 
Photinus pennsylvanicus. The latter reverses the usual sequence, the 
X dividing equationally in the first and going undivided to one pole in 
the second spermatocyte division. 

b) The XY condition is the one most commonly observed in the 
male beetles. In every case except Haltiea this unequal pair of sex 
chromosomes fuses and appears more or less as a single body on the 
spindle of the first spermatocyte division. However, the members of 
the pair always separate at this time and go to opposite poles. The 
second division then is always equational for them, The few cases in 
which the female chromosomes have been studied seem to show that 
the X is always the larger member of the unequal pair. 

Zellen- und Befrucktungslelire hrsg. v. Buchner; I: Schrader 
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c) The presence in the male of a compound X of 2 components 
has been described in Gicindeld (GOLDSMITH, ’19) and Lepti^otarsa 

CWlEMAN, 10). (It should however be mentioned that STEVENS (’06) 
had previously reported both of these cases as simple XY types.) . It is 
not certain whether Dytiseus marginalis also has an X of two com- 
ponents. The fact that the oogonial number has been reported as 40 
(Henderson, ’07; Debaisiedx, ’09) and the spermatogonial as 38 
would speak for such an interpretation, but the account of SohIfer (’07) 
according to which the sex chromosome complex divides in both spermato- 
cyte divisions, suggests an XY pair. 

In this connection should be mentioned the interesting case of Blaps 
(fig. 23 and 24). In the interpretation given by NONIDEZ (’14, ’16, ’20) 
the male has sex chromosomes of the XO type, but there is a compli- 
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Fig. 28. ZMsitawica (NOHIDEZ, ’20)— Diagram of the behavior of the sex chromo- 

somes in the spermatogenesis. 

cation due to the fact that 4 autosomes are associated with the X 
during the preparatoiy phases and up to the first division. Following the 
last spermatogonial division, the chromosome regarded as the X forms 
a long thread but condenses rapidly thereafter. The associated chromo- 
somes behave more like the true autosomes, but although they form 
long threads like the latter they do not undergo pairing. In the divi- 
sion, the X and 3 of its associated chromosomes go to one pole while 
the remaining member of this peculiar complex goes to the opposite 
pole (fig. 23). In contrast to this view WILSON (’25) preferred to regard 
the case as one in which a compound X of 4 components is associated 
with a large Y. Such an interpretation would seem to be a more 
natural one in view of the fact that one large chromosome (Wilson’s Y) 
always goes to the pole opposite to that which receives the remaining 
4 heterochromosomes. But the point can not be settled without an in- 
vestigation of the chromosomes of the female. 

The possibility of heteropycnosis in the case of maturation in the 
female has been brought out in two cases. WiEMAN described a bi- 
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Adalia 

hipunctata 


Henking ’92 


Chromatin nucle- 
olus in 1st cyte 


Stevens ’06 


Anomoglossus 

emarginatus 


Stevens ’06 


Blepharida 

rhois 


Nonidez ’ll. 


Wilson thinks 


Blaps 

lusiianUa 


Cidndela 


Remarks 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 2nd cyte tid 


Diploid 

Chromo- 

some 

Number 
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COLEOPTIRA 




Reference 


male 15, 20 

Wilson ’25 a 

Behavior of two 
small chromo- 
somes slightly 
variable 


Behavior of two Nonidez 15 
small chromo- 
somes slightly 
variable 


34 spg. 18 4- X 16 

17 -fX 


Blaps 

loalihi 


Stevens states Stevens 06 
spg. = 18, but 


Cidndela 20 spg. 9 + 3LT 9 + ^ 
primeriana 9 4“ 


her figures 
show 20. Tri- 
lobed XT pair 
(Goldsmith 
thinks 2 X) 


Biiobed chro- GOLDSMITH 
matin nucleolus ’19 
in the prophases 
of both oocytes 
and spermato- 
cytes 


24oog. 10 -f 10 

22 spg. 104-3:1 

4- 


Trilobed XT Stevens ’09 
pair (see Gold- 
smTH ’19) 


Cidndela 22 spg. 
vulgaris 


Stevens ’06 


Chelymorpha 22$ soma 10 4" lO-j-X 
argus 22 spg. 10 4” 


XT to pole Stevens ’06 
in 1st 


Chalemus 

aestivus 


XT to pole Stevens ’06 
in 1st 


Chalemus 

penn- 

sylvanims 


XT pair present j Stevens ’09 

>7^ ■ 


Chrysomm 

auraius 







100 


Franz Schrader 


Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Eelerence 

1st cyte 

2Ed cyte 

tid 

Chrysomela 

similis 

23 spg. 

11 + X 

11 

11 X 

11 

11 + X 

— 

Stevens ’09 

? Coccinellidae 

(a no. of 

' species) 

20 spg. 

10 

10 



Stevens ’09 

Colymbetes 

: fuscus 

— 

, 

— — 


Eeports no 
heterochromo- 
some in oogenesis 

GOnthert ’10 

; Copiocycla 

i ' aurichalcea 

22 spg. 

10 + XY 

10- 

10- 

hx 

-Y 

10 -|- X 

10 + T 

— 

Nowlin ’06 

Coptocycla 

. : davata 

18 spg. 

— 

— 

— 

XY present 

Stevens ’09 

’; ,r , , 1 Copiocyda 

i ■ ■ ’ . ' guttata 

18 spg. 

8 + XY 

8 + X 

8 + Y 

8- 

8- 

hx 

-Y 

— 

Nowlin ’06 

Coialpa 

i/’i ; lanigera 

20 spg. 

9 + XY 

9” 

9n 

hx 

-Y 

9- 

9- 

hx 

-Y 

— 

Shaffer ’20 

1 ■ ' Cylene 

\ robinia 

20 spg. 

9 + XY 

. _ 

•— 

XY to poles in 
1st, probably 

Stevens ’09 

f Biahroiica 

\ 12-punoiaia 

19 spg. 

9 + X 

9 

9 + X 

9 

9 + X 

Supernumeraries 
may increase no. 
of chromosomes 

Hoy ’14 

1 Biabroiiea 

19 spg. 

9 + X 

9 

9-1-X 

9 

9 + X 

Slightly vari- 
able no. of 
supernumeraries 

Stevens ’08 

Diabrotica 

22 soma 
21 soma 
21 spg. 

10 + x 

11 

10 

lO + X 

10 

10 + X 

11 

Hoy finds two 
kinds of embryos, 
with 21 and 22 
chromosomes in 
somatic cells 

Stevens ’08 
Hoy ’14, ’18 

Hwi ll divicolis 

— 

16 + XY 

16- 

16- 

hs: 

~Y 

— 

XY to poles 
in 1st 

Stevens ’09 

1 i r , Doryphora 

' ■ ! ' dedmlineata 

36 spg. 

17 + XY 

17 + X 
17-i-Y 

— 

This genus called 
Leptinotarsa by 
WiEMAN ’10 

Stevens ’06 
WiEMAN ’10 

'1 drcum’ 

38 spg. 

19 

19 

19 

Eeports 2 access-| 
ories. (Possibly 
an XY pair) 

SCHlPER ’07 

lifj'jif 'i marginalis 

40 oog. 

38 spg. 

19 

19 

19 

ScHlPER reports 1 
2 accessories. 1 
(Possibly an XY 
pair.) Hender- 
son ’07 could 
find no accessory 

Schafer ’07 
Henderson 
’07 

Debaisiexjx 

’09 

ElaUr 1 

20 oog. 

19 spg. 

9+:x 


— ■' 

X to pole in Ist 

Stevens ’06 


19 spg. 

9 + X 1 

— 

■ _ 

X to pole in 1st 

Stevens ’06 
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Diploid 

Chromo- 


some 

Number 


Ellychnia 

corrusca 


Epieauia 

cinerea 


Epieauta 

penn- 


19 spg. 

20 spg. 
20 spg. 


Epilachna 

borealis 


lS(f soma 
18 spg. 


Euchroma 

gigantea 


Euphoria 

inda 


Galerita 

bicolor 


Haliiea 

ckalyhea 


Hydrophilus 

piceus 


20 spg. 
30 spg. 
22 spg. 
30 spg. 


Lachnosterna 

delata 


Lachnosterna 

fusca 

Lachnosterna 

gracilis 


Lachnosterna 

tristis 


Lema 

trilineaia 


20 spg. 
20 spg. 
20 spg. 
20 spg. 
32 spg. 


Lepiinotarsa 

decemlineaia 


Lepiinotarsa 

signatieollis 


Limoneus 

griseus 


17 spg. 


Lina 

laponica 


lAstotrophus 

cingulaius 

Necrophorus 

sayi 


26 spg. 
13 spg. 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 

2nd cyte 

tid 

— 

— 

— 

9-f XY 

9 + X 
9t-Y 

— 

9 + XY 

9 X 

9 + T 


8 + XY 

84-X 

8 + Y 

1 

12 + XY 

— 

— 

9-+-XY 

9 + X 

9 + Y 

9 + X 

9 + Y 

— 

_> 

— 

lO-fXY 

10 + x 

10 + T 

— 

15 

15 

— — 

9 + XT 

9 + X 

9 + Y 

9 + X 

9 + Y 

9 + XY 

9 + X 

9 + Y 

9 + X 
; 9 + Y 

9 + XY 

9 + X 

9 + Y 

9 + X 

9 + Y 

9 + XY 

9 + X 

9 + Y 

9 + X 

9 + Y 

15 + X 

15 + T 

— 

— 

— 

— 

— 

17 

17 

16 

— 

8 + X 

8 

8 + X 

8 

8 + X 

17 


— 

12 + XY 

12 + X 

12 + Y 

— 

6 + X 

6 

6 + X 

6 

6 + X 



Unpaired X Stevens '06 

— Stevens '09 


Stevens '09 


XY and XX 


XY to poles Nichols ’10 
in 1st 


Stevens ’06 
XY pair present Stevens ’06 


Stevens ’09 


olus in 1st cyte 
not accessory 


Shaffer ’20 
Shaffer ’20 
Shaffer ’20 
Shaffer ’20 
Stevens ’09 


Wjeman thinks Stevens ’06 
X^X^^, Weeman ’10 
Stevens XY 


X^X^i acting as WiEMAN ’10 
unit until an- 
aphase of 2nd? ^ 

~ Stevens ’09 


XY probably to Stevens ’09 
poles in 1st ’ 


Stevens ’09 
Stevens ’09 
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Species 

Diploid 

Chromo- 

some 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 


Number 

1st cyte 

2nd cyte 

tid 



Obara 

iripunctata 

- 

— 

— 

— 

XY pair present 

Stevens ’09 

Odontota 

dorsalis 

16 spg. 

7 + XY 

7 + X 
7+Y 

— 

— 

Stevens ’06 

Oryctes 

nasieornis 

12 spg. 

6 

6 

6 

Oddly formed 
chromosome lags 
in 1st division 
in 10®/o of cases 

Prowazek 

’02 

Fassalus 

cornutus 

26 spg. 
(probably) 

13 



XY to poles in 
1st, bat no 
figures given 

Shaffer 17 

Felidonata 

punctata 

20 spg. 

9 + XY 

9 + X 

9 + Y 

9 + X 

9 + Y 

— 

Shaffer ’20 

Fentha 

obliquata 

16 spg. 


! 7 + x ' 

7 + Y 

— 

— 

Stevens ’09 

Fhotinus 

con- 

sanguineus 

20 oog. 
10 spg. 

9 + X 

9 + Y 

9 

9 + X 

X to pole in 2ad 

Stevens ’09 

Fhotinus 

penn- 

sylvanims 

20 oog. 
19 spg. 

9-f X 

9 

9 + X 

9 

9 + X 

- 

: Stevens ’09 

Fhytonomus 

punctata 

— 

— 

— 

— 

XY present 

Stevens ’09 

Bove beetle 
(Staphy- 
linus?) 

28 spg. 

14 

14 

— 

— w. 

Stevens ’09 

Silpha ameri- 
cana 

40 spg. 

19 + XY 

19 + X 

19 + Y 

— 

. — 

Stevens ’06 

Silpha 

carinata 

32 spg. 

16 

16 

16 

Probably two 
kinds of sperm 

Holmgren 

’02 

Spruce borer? 
(2 species?) 


9 + XY 

9 + X 
9+Y 


Sometimes 11 in 
1st cyte. May be 
another species 

Stevens ’06 

Staphylinus 

sp.? 

— 

— 


— 

Probably two 
kinds of sperm 

Holmgren 

’01 

Tenebrio 
moUtor ' 

20$ soma 
20 spg. 

9 + XY 

9 + X ! 
9 + Y 

9 + X 

9 + Y 


Stevens; :’05 

Tetraopes 

ietraopMhal- 

mus 

20 spg. 

9 + XY 

9 + X. j 
9 + Y 1 

— 


■Stevens ’09 

Trirhabda 

canadense 

30$ soma 
30 spg. 

14 + XY 

14 + X 

14 + Y 

— 


Stevens ^ ’06 

Trirhabda 

virgata 

28$ soma 
28 spg. 

13 + XY 

13 + X 
13+Y 

— 

— 

.Stevens:; ’06 
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partite body ia the preparatoiy phases of both sexes of Leptinotarsa. 
Its identity with sex chromosomes was however not demonstrated by 
tracing it through all the stages. In the same way GOLDSMITH (’19) 
failed to give conclusive evidence that the 2 bodies traceable through 
the growth stages of the oocytes in Cicindela represent as he thinks the 
four sex chromosomes fused in pairs. Nevertheless both cases merit 
consideration and renewed investigation. 



24. BUps lusitaniea (NONIDEZ, ’20)— a Leptotene stage of first spermatocyte, 
showing condensed X with attached heterochromosome threads. 6 Pachytene stage. 
e X complex in prophase of first spermatocyte, d Prophase stage, e X complex in 
metaphase of first spermatocyte. 


STREPSIPTEEA 

HUGHES-SOHRADEK (’24) described two lagging chromosomes in 
the first spermatocyte division of AeroseUmus wheeleri. They may 
represent an XY pair, but this is of course not certain. 


STREPSIPTERA 


Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Reference 

1st cyte 

2nd cyte 

i 

tid 

; Aerosehismus 

1 wheeleri 

16 oog. 

16 spg. 

16 civ. 

8 ^ 

8 $ 

8 

8 $ 

8 

8 $ 

Possibly XY 
in males 

Hughes- 

SCHRADER 

’24 




\ 
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DIPTERA 

Freely admitting that the Diptera as a whole furnish material 
that is rather unfavorable to cytological investigation, it nevertheless 
seems strange that so little thorough work of tMs character has been 
done in the group. 

Apparently the meiotic preparatory phases in the males of many i 

species show some exceptional features. Thus there is reason to sus- 
pect that the synaptic stages as found in other animals are greatly 
modified or do not occur in many flies (KbuneCKE, ’24, Metz, ’22, 

Metz & NONIDEZ, ’21, ’23). If it is admitted that the genetic pheno- 
menon of crossing over occurs at this stage, such an observation would 
of course help toward an explanation of the fact that in the male of 
Drosophila no crossing over has yet been observed. However, until the 
meiosis of the female has been adequately worked out, the significance 
of these cytological observations can not be evaluated. 



a 

Fig. 26. Drosophila meUmogaster (Originals of a & 6 from Dr. C. B. Beidges) — a Meta- 
phase of oogonial division, b Spermatogonial division, e (Steen, ’26 h) Oogonial meta- 
phase showing mnltiple formed by an X and a Y. 


In nearly all cases where sex chromosomes have been observed 
the male shows the XY condition (fig. 25). In two cases only (Tephritis 
and Dasyllis) has the XO condition been found, and in the first named 
of these two forms it is the second spermatocyte division that is reduc- 
tional for the sex chromosome. In Dasyllis as well as in the numerous 
males with an XY pair, the first division is reductional for the chro- 
mosomes in question. 

The behavior of the sex chromosomes during the preparatory stages 
of meiosis is known only in general outline (fig. 26). Apparently they 
tend to remain condensed throughout, but they have not always been 
clearly distinguished from nuclear inclusions like the plasmosomes. Thus 
Stevens (’ 08 ) concluded that not only the XY but also a pair of small 
autosomes — her m chromosomes — remain condensed during the early 
stages in LueUia and Eristalis. Keunecke (24) working on Lueilia 
could not confirm this observation. He as well as Metz (’22) have 
described confusing elements which are certainly not sex chromosomes, 
and while Keunegke made no attempt to trace their later history in 
detail, Metz’s study of the large nucleolus attached to one of the auto- 
somes in Dasyllis convinced him that this body partakes of the nature 
of a chromomere vesicle such as has been described in several Orth- 
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optera (Oaeothers, 13; Wekeich, 17). True chromosome nucleoli 
are however often formed by the XY pair, each sex chromosome forming 
a separate chromosome nucleolus, or more commonly, both together 
forming a single nucleolus of this type — and generally this shape is 
maintained through the preparatory phases and up to the time of the 
first spermatocyte division^. 

It has been the tendency of the earlier investigators to regard 
the larger member of the XY pair as the X chromosome.^ In several 
cases where the 2 chromosomes do not differ very much in size, this 
is not a safe assumption, for even when the chromosomes of the female 
can be studied it is often difficult to decide which member of the sex 
chromosome pair as seen in the male is represented twice in the female. 



Eiff. 26. Asilus noiatus (Metz & Nonidez, ’23)— a Biplotene stage with chromatin 
nuaeolus in first spermatocyte, h Six bivalents and XY pair derived from chromatin 
nncleolus in first spermatocyte, c Eirst spermatocyte metaphase. The XY bivalent 
constituting the smallest member. 


Indeed, that the larger member is not necessarily the X is shown in 
Drosophila melanogaster where the Y seems to be slightly longer 

than the X. . . .. s , -x ;j i. 

In on© form, Anopheles punctipefints (fig. 10) a deiinite and morpno- 

logical association between the sex chromosomes and certain autosomes 
has been described (Stevens, ’ll). In the resting and preparatory 
phases of the spermatogonial divisions the associated chromosomes appear 
in no discernible way to be affected by each other. The small sex 
chromosomes remain condensed while the attached autosomes become 
diffuse and behave like any normal and free autosome. When condensed 
each of the 2 autosomes concerned stiU shows a delicate thread con- 
necting it with one of the sex chromosomes, and in the following divi- 
sion the 2 chromosomes thus connected always act as a unit. In the 
spermatocytes, these features do not appear so strikingly. In the related 
form, Culex pipiens, WHITING (’17) has described a diffuse body attached 
tn one of the spermatogonial autosomes but does not believe that the 


* A recently published study of the spermatogenesis in several species of 

DmopMo (Metz, ’ 26 ) throws additional light on these questions. 
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evidence for regarding this body as a heterochromosome of any kind is 
at all conclusive. 

The peculiar process observed by KeuneOKE in the spermatogonial 
and spermatocyte cells of certain forms (TephritiSj CaUiphora^ Seatophaga) 
through Tvhich certain of the autosomes fragment in a definite way ^ 
apparently never occurs in the sex chromosomes. However in view of 



Fig. 27. Sdara (Original from Dr. C. W. Metz) — Diagram of chromosome heharior 
in the meiosis of the male, a Prophase of first spermatocyte. 6 & c Anaphases. 
d Telophase, showing inner group in bud. e Metaphase of second spermatocyte. 
f Anaphase of second spermatocyte, g Telophase of second spermatocyte; showing 
inner group in hud, with bud of first division still showing (pi ^ degenerating group 
of first division, n — degenerating group of second division. ^ = large chromosomes 
going to one pole in first. ^ = smaller split chromosome going to one pole in second). 

the fact that not all autosomes are subject to such fragmentation^ its 
omission in the case of sex chromosomes may have no special significance. 

The most pnzzling conditions are however shown in (fig. 27); 
of which Metz has given two preliminary accounts (’25, T 
diploid numbers of the female and male are 8 and 10 respectively. The 
2 largest chromosomes as seen in the male are not present in the female 
(i. e. they are sex limited). No trace of synaptic stages or pseudo- 
rednction could be found in the spermatogenesis although the 2 largest 





Species 


6 spg. 3 

punctipennis 6 oog. 


XaiidYattaciied Stevens ’ll 
to autosomes, 
and these to op- 
posite poles in 
1st, then divide 
equation ally in 
2nd 


Anopheles sp. 


Anthrax sinuosa 18 spg. — 8 + X 

8 + Y 


Possibly an XY Stevens ’ll 
present 

— Metz ’16 a 


Asilus notaius 14 spg. 6 -j- XY 6 + X 

6 + Y 


Metz ’16 a 
Metz & 
Nonidez ’23 


10 spg. 4 -j- XY ^ ^ 


Metz & 
Nonidez ’21 


Calliphora 12 oog. 5 -j- XY 5 - - X 

eryihroeephala 12 spg. 5 -f" ^ 


Calliphora 

vomitoria 


12 oog. 5 + Xy 6 + T 
12 spg. 5 •+■ Y 


Culex pipiens 6 spg. 3 


Dasyllis grossa 10 oog. 4 -f- ^ d 


44-X 


winthemi 


12 spg. 5 -f- XY 5 + X 
5+Y 


Drosophila 

affinis 


10 oog. 
10 spg. 


Drosophila 

amoena 


Drosophila 

mribea 


Drosophila 8 spg. 3 + XI — 

melanogaster 8 oog. 4 $ 4 2 

(ampelophila) 


Sex chro- Metz ’16 a 
mosomes divide Keunecke 
equation ally in ’24 
2nd 


Sex chro- 
mosomes divide 
equationaliy in 
2nd 


Stevens ’08 


Diffuse body 
attached to one 
autosome, 
possibly sex 
chromosome 


Whiting ’17 


X divides equa- Metz ’22 
tionally in 2nd 


i Metz ’16 a 


Unequal XY in Metz ’16 a, 
male ’16b 


Unequal XY in Metz ’14, 
male ’16 a, ’16 b 


Unequal XY in Metz ’16b 
male 


Stevens ’08 
Metz ’14, 
’16a, ’16b, ’26b 

Huettner 

’24 
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Species 

Diploid 

Cliromo- 

some 

Number 

Meiotic Cbromosomes 
(male, unless otherwise 
stated) 


1 

1st cyle 

2nd cyte 

tid 


Drosophila 

ohsmra 

10 spg. 
10 oog. 

4-f XY 

4 + X 

4 + Y 

-- 

Unequal XY in 
male 

Metz ’16 a, 
16 b, ’26 b 

Drosophila 

ornatipennis 

10 spg. 
10 oog. 

— 

— 


Unequal XY in 
male 

Metz ’16 a, 
16b 

Drosophila 

repleia 

12 spg. 
12 oog. 

— 

— 

— 

Unequal XY in 
male 

Metz ’16 a, 
’16b 

Eristalis tenax 

12 spg. 
12(5’ soma 
12 oog. 

5 + XY 

5- 

5- 



X and Y divide 
equationally in 
2nd i 

Stevens ’08 
Metz ’16 a 

Leptogaster 

badius 

10 spg. 

— 

5 

■' 

Unequal XY in 
male 

Metz ’16 a 

Lueilia caesar 

— 

5 + XY 

5 - 
5 - 

i-x 
- Y 


— 

Stevens ’08 

Musca domestica 

12 spg. 

5+XY 

5 + X 

5 + Y 


2 pairs of sex 
chromosomes 
seen in one ex- 
ceptional cell by 
Keunecke. Sex 
chromosomes 
divide equatio- 
naliy in 2nd 

Stevens ’08 
Keunecke’24 

Fhorbia hrassica 


5 + XY 

— 

— 

XY to pole in 
1st 

Stevens ’08 

Fhromia regina 

12 spg. 

5+XY 

5H 

5- 

f-X 

r Y 

— 

X and Y not 
paired in 1st? 

|Metz ’16 a 

Ftetims 

trivittatus 

16 spg. 

, — 

— 

— 

Unequal XY in 
male 

Metz ’16 a 

Sarcophaga 

earmria 

12 spg. 

6 4-XY 

5 + X 

5 + Y 

— 

— 

Keunecke 

’24 

Sarcophaga 

sarriceniae 

12 spg. 

12 oog. 

5 + XY 


-X 

-Y 


2nd division 
equational for 
sex chromosomes 

Stevens ’08 

Sarcophaga 
tuberosa (sar- 
raceniae) 

12 spg. 

12 oog. 

5 + XY 

5 + X 

5 + Y 

y— 

— 

Metz ’16 a 

Seapiomysa 

adusta 

10 spg. 

— * 



Unequal XY in 
male 

Metz ’lOb,, , ' 

Scaptomyza 

graminum 

8 spg. 

8 oog. 

— 

4 

— 

Unequal XY in 
male 

Metz ’16 a, 
’16b 

Scatophaga 

pallida 

12 spg. 

12 oog. 

5+XY 

5 - 
5- 

~X 

-Y 

— 


Stevens ’08 

Scatophaga 

siercoraria 

12 spg. 

5 + XY 


— ■ 


Keunecke’24 





a' 





Diploid 

Chromo- 

somes 

Number 
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Meiotic Chromosomes 
(male, unless otherwise 
stated) 


Sdara 
pauciseia - 


Seiara prolifica 


Sciara similans 


10 spg. 4-|“2sL 4 2si. 3 + 2sL | 
10 (5’ soma 4 (degen) 4“ sm. 

8 oog. 3 -f- 2sL 

(degen) 

10 spg. 4-t-2sl. 4-l-2sl 3 — 2sl. 

10 soma 4 (degen) + sm. 

8 oog. 3 -f- 2sl. 

(degen) 

10 spg. 4 4~ d “I- 2sl. 3 "I- 2 si. 

10 cf soma 4 (degen) -f- sm. 

8 oog. 3 4“ ^sl. 

(degen) 


Tephritis arnicae 11 spg. 5 + ^ 5 -f- N 


5 

54-X 


Tetanocera 

sparsa 


12 spg. 
12 oog. 


5-fXY 5 + X 
5 4- Y 


Metz ’25, ’26 a 
Metz and Moses ’26 
Metz, Moses and 
Hoppe ’26 

Metz ’25, ’26 a, ’26 h 
Metz and Moses ’26 
Metz, Moses and 
Hoppe ’26 

Metz ’25, ’26 a, ’26 b 
Metz and Moses ’26 
Metz, Moses and 
Hoppe ’26 

Keunecke ’24 


Stevens ’08 


Volucella ohesa ] 12 spg. j 5 -f- XY 


— Metz ’16 a 


chromosomes sometimes appear to be joined end to end, in the prepara- 
tory phases. Both pass to the same pole while the remaining chromo- 
somes are so distributed that each pole receives one member of each 
pair. The cell which does not receive the two large chromosomes always 
degenerates. 

In the second division one of the smaller chromosomes passes un- 
divided to one pole, whereas all the others including the large chro- 
mosomes, previously undivided, now undergo a normal division. This 
time the cell which receives one chromosome less than its sister cell is 
subject to degeneration and the surviving cell then forms a sperm. It 
is of little use to endeavor to interpret these findings as they stand. 
It seems absolutely necessary to employ breeding experiments to clear 
up several of the minor features of the spermatogenesis, and above all 
to analyze the oogenesis before any conclusion will be justified^. 


^ sl. = large chromosome found only in male. 

sm. = small chromosome passing undivided to one pole in 2nd spermatocyte 
division. 

® A more detailed account has appeared more recently (Metz, Moses & Hoppe, 
’27). In addition, evidence has been adduced from breeding experiments (Metz & Moses, 
^26) that the female is responsible for the sex of the offspring and that, as the cyto- 
logical findings indicate, the male produces only one type of sperm. 


HETEROPTERA (HEMIPTERA) 

As in case of the Orthoptera, the large number of accounts that 
take up sex chromosomes in this order makes it advisable to consider 
the different families separately. 
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Belostomidae: Investigation of the spermatogenesis seems to 
demonstrate a simple XY pair in Belostoma (MONTGOMERY ’01b, ’06, 
OHICKEEING ’16). 

Capsidae: MONTGOMERY’S accounts of 1901 and 1906 indicate 
that in Poedloeapsus an XY is present in the males. Montgomery’s 
account of two other forms investigated by him does not allow any 
definite conclusions however. 

Coreidae: This is one of the families that furnished material for 
the investigations and discussions which finally culminated in the accept- 
ance of the sex chromosome theory, at least in its general aspects. In 
great part the disagreements among earlier workers investigating various 
species belonging to the present family were due to the surprising multi- 
plicity of behavior and appearance which characterizes the sex chromo- 
somes in different species, and also to variations and special peculiarities 
in certain of the autosomes. When to this are added the almost unavoid- 
able errors that are incurred in every new field, the temporary confusion 
must seem natural. Mention need be made only of such cases as that of 
Anasa tristis in which for a long time no agreement could be reached on 
the comparatively simple question of the number of chromosomes in the 
spermatogonia as well as the more intricate points involved in the inter- 
pretation of the chromosome nucleolus in the preparatory phases and 
the actual distribution of the heterochromosomes with their bearing on 
sex determination. Again, in Syromastes wrong conclusions were reached 
on the subject of the relation between the m chromosomes and sex 
chromosomes, as well as on the broader aspects of sex determination, 
and it was not until WILSON (’09 a & c) had pointed out where earlier inter- 
pretations had erred that the subject was cleared up. 

The behavior and appearance of the sex chromosomes before and 
during meiosis is highly variable in different species. The X may be 
larger than any autosome (as in Protenor), or it may have the general 
dimensions of some of the smaller autosomes and be hard to distinguish 
from them on the score of size (as in Alydns). In the preparatory 
phases of the spermatogonia, the sex chromosomes are not distinguish- 
able because of heteropycnosis, but in the corresponding stages of 
meiosis their precocious condensation is very marked. During the latter 
period sex chromosomes may be intimately associated with plasmo- 
somes (AZj/difs, fig. 6B) and again they may be entirely independent of 
them {Metapodius, fig. 8). In cases where the male has an XY pair, 
these two sex chromosomes may be separated all through the various 
phases up to the metaphase of the second division, when they may 
come together for a short interval before passing to opposite poles. G*n 
the other hand, the components of a compound X may remain united 
through both maturation divisions (Syromastes). Finally, differences 
between species may be observed in the behavior of sex chromosomes 
in the actual divisions, most cases being characterized by a lagging on 
the spindle (Leptocoris, Syromastes) wh il e in others they may precede 
the autosomes to the poles (Oneopeltus). 

Two sources of confusion in studying the sex chromosomes in the 
present family lie in the supernumerary and m chromosomes. The tatter 
were confused by Paulmier, GROSS, and at first also by Montgomery 
with sex chromosomes. WILSON (’05 b) showed however that they can 
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be differentiated from sex chi^omosomes in several ways. Tbe smallest 
cbromosomes in nearly all cases, they are not precociously condensed 
in the growth stages of the maturation period except occasionally in 
Alydus pilosolus and Arehimerus ealearator. Except in some cases like 
the aberrant occurrences of Metapodius^ they are always two in number. 

Separated in the growth stages and prophases, they come together for 
an instant in the first spermatocyte plate only to separate again imme- 
diatly and pass to opposite poles. In the second division they divide 
equationally. In other words, their behavior is just opposite to that of 
the sex chromosomes in this family in that for the latter, reduction 
occurs in the second while for the m chromosomes it occurs in the first 
division. It is also of some importance to note that the extra m chro- 
mosomes in some forms of Metapodms form their brief union with the 
two m chromosomes normally present but never unite with the sex 
chromosomes (WILSON, ’05b, ’07b, ’07c, ’09b, ’10a). 

The supernumeraries which in case of Metapodius (fig. 8) may in- 
crease the diploid number of chromosomes from 22 to 28, are believed 
by Wilson (’07 c, ’09 b, ’lOa) to have originated through nondisjunction 
of the Y chromosome, and he explains the fact that they are frequently 
smaller than the normal Y on the basis that they are degenerating and 
on the way to disappearance. With sex chromosomes these super- 
numeraries share the feature of precocious condensation, and their rela- 
tionship is more directly shown by the fact that they often unite with 
the normal XY pair to form a single chromosome nucleolus during the 
early preparatory stages of the spermatocytes. In the first division 
they once more become independent and divide equationally, just like 
the sex chromosomes. 

In a general review of sex chromosomes as they occur in the 
family, the following classification might be made: 

a) Cases in which males represent the XO and the females the 
XX condition. The diploid number of the female always exceeds that 
of the male by one chromosome. In all Coreidae except one, the un- 
paired X of the male passes undivided to one pole in the second and 
divides equationally in the first spermatocyte division. The exception 
is furnished by Arehimerus calearator where the two maturation divi- 
sions take place in the reverse order. 

b) Cases in which the male has an unpaired compound X and 
the female a pair of such X chromosomes (male = X^ + f^^ale 
= 2 X^ + 2 X^^). Just as in the simple X condition, the reduction 
division for the sex chromosomes in the male is the second, both com- 
ponents behaving like a unit and passing together to one pole. 

c) Cases in which the male shows the XY and the female the XX 
condition. Again as in the previous cases, the first spermatocyte divi- 

, sion is equational for the XY, and the second is reductional — X and Y 

I passing to opposite poles. 

Galgulidae: The only species investigated is Qelastocoris (Qal- 
gulus) oeulatus. PAYNE (’09 a, ’12) found the sex chromosomes of the 
§ male to be comprised of a compound X of 4 components and a single Y. 

The 4 elements of the X act as a unit, passing together to one pole 
! in the second division while the Y passes to the opposite pole. The 

components of this compound X behave as independent units during 

■ ill 
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me divisions, tho SeVLm\te'2snw^^ 

that ^ Montgomery’s account of the spermatogen^^ 

in twf S1...S it ^ rx"." 

IS falT^rSoXSom^s 

wa^s aol“ is so confnsing that only a reinvestigation oi the 
SS;rjS‘s 3~ wh on v««.g spyi. 

frL€fanSSLKt“S\“^^^ 

descriptir^too to make this certain An tog 

SSTthat of Oncopeltus, where WILSON (’09 a, ’12) demonstrated that 

the X and Y behave just as in the other species but are ^. . 

in size. It is thus evident that inequality in size is an insufficient 

MontgSmeey’s accoul of two species m tMs family 
is incomplete. However it seems that the male of NaUs shows 

^l^aueoridae: In the spermatogenesis of 
Poisson (’21) has described several peculiar features. Thus the 
S ro~al bodies in the first spem..tojte J 1 , whje the seemd 
spermatocyte shows only 16, a fact possibly due to a fusion of the 
Sro m chromosomes in the latter ceU. Another chromosome is subject 
to heteopycnosis nnd lags on the spindle. It d rides m 
cyte divisions. The evidence either lor or against JhK chiomo- 

some as a sex chromosome is incomplete, especially as Poisson do 

^^^pldae^CmCKEBiSG (’18) reported the _XY condition for the male 
of a species of Eamtra. His evidence is insufficient. For amother 
of the familv, Neva cinerea, two workers have published confucto,, 
accounts. Spaul (’22) reported that the male has a diploid number of 
35 and that the single X chromosome has no partner, whereas bTEOPOE 
(’25) found 33 chromosomes in spermatogonial cells and concluded tnat 
the sex chromosomes of the male are represented by an X of 4 com- 
ponents and a single Y. The status of the family is therefore far from 

Notoneetidae: In various species of Notonecta, males show an 
XY pair and females 2 X. Special interest attaches to the fact that in 
some of the species the X of the male betrays the tendency to _ break 
up into smaller components (fig. 28). This is especiaUy marked in N. zndtea 
and BROWNE (’10, ’13, ’16) si^gested that we have here a c^e in wtach 
the intermediate condition between the single X and the X which is 
found only in the form of separated components is represented. 
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Pentatomidae: Sex diromosome conditions are remarkably homo- 
geneous in this family. All males have the XY and aU females the 
2 X condition. In the growth period of the spermatocyteSj the X and 
y frequently come together to form a single chromosome nucleolus but 
with the possible exception of Pentatoma senilis (where they retain 


lie 







/h m 


' (a) 



A 






Fig. 28. Notonecta indka (BROWNE, ’16)— a Three figures of the X in early prophase 
of first spermatocyte, h First spermatocyte division in which X divides eq^nationally. 
e Second spermatocyte division in which X and T separate after joining in the metaphase. 

Figure shown in 3 sections. 

some kind of a connection through the first division (fig* 5), this union 
is broken before the first metapbase plate is formed. Tbe first or equa- 
tional division then occurs in each sex chromosome entirely indepen- 
dently of the other. As in so many other Hemi- 
ptera, the X and Y come together for a moment 
prior to the second division and then pass to 
opposite poles. 

In most cases the two sex chromosomes of 
the male show a notable size dimorphism, the Y 
always constituting the smaller member of the 
pair. In Nemra hilaris however, they are practi- 
cally equal in size (fig. 29). Thyanta ealeeafa 
provides the only example of a compound X, 
there being 2 components. In some specimen of 
JBanasa calva (those from Long Island) a super- 
numerary is found. It does not behave like the 
sex chromosomes of that species but goes undivided 
to one pole in the first spermatocyte division. The 

sex chromosomes themselves are however distributed ^ 

in the usual manner and are apparently quite independent of the super- 
numerary (Wilson, ’07c). , , 

Phymafidae: MONTGOMERY’S insufficient evidence (01) suggests 

that males of Phymata have an unpaired X. 

ZeUen- und Befnichtangslehre hrsg. v. Buchnei; I: Schiader 8 



Fig. 29. Nezara hilaris 
(Wilson, ’ll)— Second 
spermatocyte division in 
which X and Y appear 
almost equal in size. 
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. Fvrrhoeoridae: On Pyrrhoeoris apterus HENKING (’91) made the 
famous ^observations which entitle him to the credit of having been the 
first to describe sex chromosomes. Strangely enough, the correct inter- 
Bretation of the sex chromosome conditions in this species was not made 
until many yeaa-s later (WILSON, ’09a, ’09c) The nuinher ^ chromo- 
somes in the spermatogonia is 23 and in the oogonia 24. The course 
of spermatocyte divisions shows definitely that the_ male has an unpaired 
X and the number of chromosomes in the oogonia fully conhrms the 
assumption that the female has a pair of X chromosomes. That this 
simple^ condition was not recognized until 1909 was due in part to the 
fact that Henking himself believed the spermatogonial number to^ be 
24, but also to the fact that Gboss (’06, ’12), who could not convince 
himself of the validity of the sex chromosome hypothesis, insisted that 
spermatogonia! number given by Henking is the correct one. An XO 
for the male and 2 X for the female was also estabhshed for two spe- 
cies of Largus by WILSON (07a, ’09a, ’09c). 

Beduviidae: Here are presented some of the most interesting 
conditions of sex chromosomes among insects. With the exception of 
the somewhat cursory report on a few of the forms given by MONT- 
GOMERY (’01b, ’06h the elucidation of these conditions is the work of 
Payne (’09 a, ’10, ’12). The simplest condition is represented in 
mem, Diploeodus, and Beduvius, where the males show an unequal XT 
pair which in meiosis behaves in the manner typical of the great majo- 
rity of Hemiptera, i. e. both X and Y divide equationaUy in the first 
and pass to opposite poles in the second division. In case of Cono- 
rhinus, Fitehia, and Boeeonata conditions are just like those shown in 
the three species already mentioned, except for the fact that in each 
case there is a compound X of 2 components; in Prionidus (fig. 7), 
Pselliodes and four species of Sinea the X has 3 components ; in Pmrmtis 
the X has 4 components; and in the extreme cases of Acholla (fig. 30) 
and /Sinea rileyi the X has 6 components. Regardless of the number 
of components of the X, only one Y chromosome is present in all these 
forms. Again, although usually no visible connection exists between 
components of the X, they nevertheless behave like a single X, dividing 
equationally in the first spermatocyte and passing together to the pole 
opposite to that of the Y in the second spermatocyte division.^ The 
evidence seems to show that in the metaphase plate of the first division 
the sex chromosomes generally show no special arrangement, but that 
in the second metaphase plate their position is more or less constant 
for any one species— the components of the X forming a flat group with 
the Y directly above or below them. The amount of chromation in even 
the extreme cases of the compound X is not exceptionally large, 
and in a few cases, notably Acholla (fig. 30), it is markedly smaller 
than that of the single Y. All these aspects led Payne to suggest 
that (09) the compound X as seen in these species represents nothing 
more than an ordinary and single X that has undergone fragmentation, 
a fragmentation not haphazard but no doubt based on the basic struc- 
ture of the original X. 

In some of the cases the actual distribution of the sex chromo- 
somes to ! the spermatids has not been observed. However, the facts 
are quite clear as a study of the diploid numbers of both sexes demon- 



Meiotic Chromosomes 
(male, mnless otherwise 
stated) 

1st cyte 2nd cyte tid 


Diploid 

Chromo- 

some 

Number 


Eeferences 


1 . Belo~ 
stomidae 
Belostoma 
(Zaiiha) 
fluminea 

Belostoma sp. 


24 spg. 
24 spg. 


13 

11+XY 

11 + X 

11 -j- Y 

13 

11-f XY 

11 + X 

11 + Y 


1 of the 2 sex 
chromosomes 
passes to pole 
in each division 

Small chromo- 
some of 1st not 
found in 2nd. 
X and Y to 
opposite poles 
in 2nd? 


2. Capsidae 

Calocoris BO spg. 16 
rapidus 


35? spg. 19 


Poecilocapsis 

goniphorus 


3, Coreidae 
Alydus 


18 16-fXY 16-fX 

(16 + X 16+Y 

+ Y) 


142 soma 


asa 21 

armigera 22 


21 spg. 1 10 **1- X j 10 -j- X j 10 

22 

22$ soma 


YooT & 
Steobell 
’07 a, ’07 b 
Lepeyre & 
McGill ’08 
Me Clung & 
PiNNEY ’10 
Moreill ’0% 
’10 

Hoy ’14, ’16 


Chickering 

’16 


Montgomery 
’01 b, ’06 


Montgomery 
’01, ’06 


Montgomery 
’01, ’06 


Montgomery 
’01, ’06 
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Montgomery 
’Olb, ’04, ’06 


Montgomery 
’Olb, ’06 
Wilson ’05b, 
’06 


Montgomery 
’Olb, ’06 
Wilson ’05b, 
’09 a 


Paulmier 
’98, ’99 
Montgomery 
’Olb, ’04, ’06 
Wilson ’05a, 
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Montgomery 


Anasa sp. 


ArehitMTUS 15 spg. 
alUrnatus 16 oog. 
(calcarator?) 15 & 1 


Arckimerus 


calearator 


Probably male 


Catorintha 25 spg. 


Montgomery 


’Olb, ’06 
Wilson ’09a 


QorizuB 

lateralis 


Leptocoris 


Leptoeoris 


References 


Remarks 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 


1st cyte 2nd cyte 


Number 


Wilson 05a, 
’05b, ’09a 


Wilson ’07a 


X to pole in Wilson ’05a, 
2nd ’05b 


Chanesterus 21 spg. 
antennator? 


Chariesterus 25 spg. 13 -[-X 13 + ^ ioit 

antennator 26 oog. 13 -f- X 


Male probably WiLSON ’07a 
XO Morrill ’09, 
’10 


Chehmdea 21 spg. 

vittigera 22 oog. 

21 & 22 
civ. 


Montgomery 
’O la, ’01b, 
’04, ’06 


Corizus 13 spg. 6 + X 6 + X 
alternaius G-f-A 


Montgomeri 
’ 01b, ’06 


6-4- X 6 “p X 6 
T 6 + X 


Male probably WILSON ’09a 
XO 


Corynoeons 25 spg. 
disUnctus 26 oog. 


Male probably WiLSON Wa 


Euthociha 21 spg 

galeator 22 oog 


Montgomery 
’O la, ’Olb, 
’04, ’06 
Wilson ’06 


Harmostes 13 spg 

reflexulus 14 oog 


Montgomery 
’Ola, ’Olb, 
’04,' ’06 
Wilson ’06 


haematoloma 


WiLSON ’07a, 
’09a 

Porter ,’17 

YOCOM ’23 


inmttams 14 oog. 


X to pole in WiLSON ’07a, 
2nd ’09a, ’ll 


Leptoglosms 21 spg. 10 -f- X 
phyllopus 


(j' probably XO Wilson 07, 
’09a 


Margus 23 spg. 
imonspieuus 24 oog. 









Diploid 

Chromo- 

some 

Number 


Species 


20 16 + Xyi6 + Y 

+ X« + 15 + XI 

XIII-I-XI^ + x« + 

+ T XHi-fXi^ 


4. Galgu- 
Udae 


1st cyte 2nd cyte tid 


22 spg. 
22 oog. 


22 spg. 
22 oosr. 


granulosus 


Metapodius 

ierminalis 


22 spg. 
22 oog. 


Narma sp. 


Pachyhs 

gigas 


15 spg. 

16 oog. 


Proienor 

helfragei 


U spg. 
14 oog. 
13 & 14 
civ. 


SyromasUs 22 spg. 
marginatus 24 oog. 


lO + X 
+ Y 

10 ”j— X 
+ Y 

10 + X 

10 + Y 

Numerical varia- 
tion due to extra 
m, supernumer- 
aries (= y ?) and 
absence of X 

10 ~j~ X 

+ Y 

10 “j- X 
+ Y 

10 + X 

10 +• Y 

Numerical varia- 
tion due to extra 
m, supernumer- 
aries (=y?) and 
absence of X 

10 + X 
+ T 

10 + X 
+ Y 

10 + X 
10-+Y 

Numerical varia- 
tion due to extra 
m, supernumer- 
aries (= y ?) and 
absence of X. Y 
absent in 1 male 

— 

— 

— 

Male probably 
XO 

7 + X 

— 

— 

Male probably 
XO 

6 + X 

7 

6 + X 

6 

6 •+ X 

7 


10 “j- 
XI XII 

10 + 

XI XII 

10 + XI 
+ XII 

10 



Galgulus 

(Gelastocoris) 

omlaius 
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Meiotic Chromosomes 
(male, unless otherwise 
stated) 


Wilson ’OTh, 
’09b, ’10a 


Wilson ’07b, 
’09b 


Montgomery 
’Olb, ’06 
Wilson ’07a, 
’07b, ’07c, 
’09b 


Wilson ’07a 


Wilson ’07a, 
’09a, 11 

Montgomery 
’O lb, ’04, ’06 
Wilson ’05b, 
’06, ’ll, ’12 
Morrill ’10, 
’09 

Wilson ’09a, 
’09c 

G-Ross ’04a, 

I ’04b, ’12 


Payne ’09a, 
’12 


5. Hydro- 
metridae 

Hydromeira 11 spg. 12 
lacustris 


Mydrometra 10—15 12 

paludum spg.? 


1 large spermato- WiLKE 07, 
gonial chromo- ’13 
some forms 2 in 
cytes 


Thinks sex WtLKE 12, 
chromosome ’13 
divides in both 
divisions 
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Species 


Diploid 

Cliromo- 

some 

Number 


Meiotie Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 2nd cyte tid 


Eemarks 


Reference 


Hydrotreehm 21 spg. 


sp. f 

Limnotrochus 

ma rginatus 

6. Lygae- 
idae 


(probably)! 


10 

10 +X 


10 -{- X 10 X 


angustaius 

Cymus 

luridus 

Ichnodemus 

falieus 

Lygaeus 

bierueis 

Lygaeus 

turcicus 

Oedancala 

dorsalis 

Oncopeltus 

fasciaius 


Feliopelta 

ahhreviata 


7: Nahidae 
Corisms 
ferus 

Nabis 

annulaim 

8. Nepidae 
Nepa cinerea 


- 13 + XY 


15 (16?) 
spg. 

7 + X 
+ Y 

7 + X 
+ Y 

14 spg. 

14 oog. 

6 + X 
+ Y 

6 + X 
+ Y 

14 spg. 

14 oog. 

6 + X 
+ Y 

6 + X 
+ Y 

13 spg. 

7 

7 

16 spg. 

16 oog. 

7 + X 

7+X 
+ T 

14 spg. 

6 + X 
+ Y 

6 + X 
+ Y 


Banatra sp.? 40 spg. 21 

9. Notonec- 
tidae 

Notonecia 24 spg. (?)| 11 + ^ 

glauca 24oog. 


19+XY 19 -fX 
19-1-Y 


— Montgomery 
’Qlb, ^06 

X to pole in 2nd Montgomery 
’01b, ’06 


— Montgomery 

’Olb, ’06 

Montgomery 

i ’Ola 

— Montgomery 

’Olb, ’06 

— Wilson ’09a, 

Jl 2 

— Wilson ’05a, 

_______ 

= XO? Montgomery 

’Olb, ’04, ’06 

X and Y e<iual Montgomery 
in size in some ’Olb, ’06 

cells Wilson ’09a, 

. ’12 

X and Y to poles Montgomery 
in 2nd probably ’Olb, ’06 


XO or XY, not Montgomery 
certain 

— Montgomery 
’Ola, ’06 


Spaul reported Spaxjl ’22 
XO Steopoe ’25 

Steopoe reported 

. 

— Chickeeing 

’18 


Notonecia 

indica 

Notonecia 

insulaia 


26 spg. 12 -{- X 
26 oog. -f" Y 


Pantel & 

11 -[-XY 11 + X ' ' — DeSinetey 

11 4- Y ’06 

.Browne ’10, 

■ . , . ^ ' ' . , ... ■ ' ’13, ' ’16 . 

124-XY 12-+- X X composed of Browne ’16 

12 + Y 5 elements 

12+XY 12 + X 2 antosomes Browne ’10, 
I 12 + Y sometimes fuse ’13, ’16 
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Meiotic Chromosomes 
(male, nnless otherwise 
stated) 

1st cyte 2nd cyte tid 


Notoneeta 

undulata 


10. Fenta- 
tomidae 

Banasa calm 


Banasa 

dimidiaia 

Broehymena 

sp.? 


Cormopejpla 

carnifex 

16 spg 

Eurygaster 

alternaius 

— 

Euschistus 

crassus 

12 spg 

12 oog 

JEjUsch'tstus 

14 sns 


£Juschisius 

ieiericus 

MuscMsius 

servm 


Euschistus 

tristigmus 

Euschistus 

variolarius? 

Euschistus 

variolarius 


ll + X 
+ T 

11+XY 

ll + X 

11 + Y 


12 + XY 

12 + X 

12 +T 

12 + X 
+ Y 

i2 + XY 

12 + X 

12 + Y 




124-X 
+ Y 

12 + X 
+ Y 

12 + X 

12 + Y 

7 + T 
+ Y 

7+XY 

7 + X 
7+Y 

6 ”1" X 
+ Y 

6+XY 

6 + X 

6 + Y 

6 + X 
+ Y 

6 + XY 

6 + X 

6 + Y 

7 + X 
+ Y 

7 + XY 

7 + X 

7 + Y 

5~ 

hx 

-Y 

5 + XY 

5 + X 

5 + Y 

5 + X 
+ Y 

5+XY 

6 + X 

5 + Y 

6+X 
+ Y 

6+XY 

6 + X 
6+Y 

— 

— 

— 

6 + X 
+ Y 

6+XY 

6 + X 

6 + Y 

6 + X 
+T 

e+XY 

6 + X, 

6 + Y 

6 + X 
+ Y 

6 + XY 

6 + X 

6 + Y 

6 + X 

6 + XY 

6 + X 


’13, ’16 
Browne ’16 


Browne ’10, 
’13, ’16 
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Species 

Diploid 

OliroiEO- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Eeference 

1st cyte 

2nd cyte 

tid 

Minms 

bioculaius 

14 spg. 

14 oog. 

— 

— 

— 

XY in male 

Wilson ’06 

Mormidm 

lugeus 

14 spg. 


-X 

-Y 

6 + XY 

— 

XY to poles 
in 2nd 

Montgomery 
’ 01b, ’06 

JSfezara 

Maris 

14 spg. 

14 oog. 

6 + X 

+ T 

6+XY 

6 + X 
6+Y 

X and Y almost, 
equal 

Montgomery 
’ 01b, ’06 
Wilson ’06, 

’ll 

Nezara 

viridula 

14 spg. 

14 oog. 

6- 

-X 

~Y 

6+XY 

Si 

-X 

-Y 

__ 

Wilson ’ll 

Oehalus 

pugnax 

lOcf soma 
109 soma 

— 

— 

— 

XY in male 

Wilson ’09a 

Feniatoma 

(Bhyto- 

dolomia) 

senilis 

6 spg. 

2 + X 
+ Y 

2 + X 
+ Y 

2 + X 

2 + Y 

X and Y 
sometimes 
united in 1st 

Wilson ’IB 

Perihalus 

limholaris 

14 spg. 

6 + X 
+ Y 

6 + XY 

6 + X 

6 + Y 

— 

Montgomery 
’ 01b, ’06 

Ferillus con- 
fluens 

14 spg. 

6- 


6+XY 

6-J 

6H 

hx 

~Y 

— 

Montgomery 
’O lb, ’06 

Podisus 

hracteatus 

14 spg. 

— 


— 

— 

Wilson ’09 c 

Podisus 

crocaius 

14 spg. 

■ — 

— 


— 

Wilson ’09 c 

Podisus ma- 
culiveniris 

16 spg. 

7 - 1 -x 

+Y 

7+XY 

7 + X 

7 + Y 

■ ■ ' ! 

Montgomery 
’O lb, ’06 
Wilson ’05a, 
’06 

Podisus 

modesius 

16 spg. 

— 


— 

— 

Wilson ’09 c 

Podisus 

plaeidus 

16 spg. 

— 

— 

— 

' 

Wilson ’09 c 

Podisus 

spinosus 

16 spg. 

7* 

f X 
-Y 

7 + XY 

7- 

7- 

f X 
-Y 

— 

Wilson ’05a, 
’06 

Stiretrus 

auchorago 

14c? soms 
14$ soms 

i ■ — 

i ■ 

— 

. — , 

XY in male 

Wilson ’09a 

Thyanta 

ealceata 

27 spg. 

28 oog. 

12 + j} 
+X«+^ 


.... ^ — 

J} + X^^ + Y 
in male 

Wilson^'.’09c, 

■■’ll . ;■ 

Thyanta 

cusiator 

16 spg. 

16 oog. 


, ■ — ' ■ . 

— 

• XY to poles , 
in 2nd 

Wilson, ’ll. 

TrichopepU 

semimitata 

15 or 16 
spg. (at 
least) 

6 + X 
+ Y 

6 + XY 

6+X 

6+Y:' 

Nature " of ' "the 
2 small elements 
in spg. and 1st 
cytes not clear 

■' Montgomery 
’Olb, ’06 
Wilson ’05a 



Montgomery 
’01b, ’06 


Diploid 

Cbrorno- 

some 

Number 


Meiotic Cbromosomes 
(male, unless otherwise 
stated) 

1st cyte 2iid cjte tid 


11. Fhyma- 
tidae 

Fhymata 

wolffii? 


12. Fyrrho- 
eoridae 


29 spg. 15 
(probably) 


e possibly Montgomery 
XO ’01b, ’06 


Largus 

11 i 

einetus 

12 i 

Largus 

13! 

succineius 

14 ( 

Fyrrhocoris 

23! 

apterus 

24 < 


13. Eedu- 
viidae 

Acholla 32spg.? 16 

ampUata 


Payne 09a 
thinks Mont- 
gomery called 
this A. multi’ 
spinosa? Appa- 
rently has 4 sex 
chromosomes 


2 X elements Payne ’09 a, 


Acholld 30 oog. 10“f-X^-|~ 10~|— X^“|~ lO-j—X 2 X elements 

muUispinosa 26 spg. X“+X“^ (= H) joined to Y in 

-l“X^’'^-t- prophases up 

XV + T XV + Y YrnSrui 2nd division 
(=:16) (=16) (Montgomery 

"w / 1 calls this StTiBct 

diarlp.m.a 


calls this 8inea 
diadema. 


Apiomeris 24 spg. 13 13 — 

erassipes 

Conorhinus 23 spg. 10+X^-f- lO-j-X^-f 10+X^-f- 
sanguisugus X« + Y X« + Y X^ 

10 + Y 


XY to pole I Payne ’12 


exsmgms 


spimmla 

Fnirontis 

modesta 


26 spg. 12 X 12 + X 
+ Y + Y 

12“|“X^~|“ 12-}-X*’-|- 
X» + Y X«-fY 

15 10 -f XI 


XY to pole Payne ’09 a 
in 2nd 

XI XII and Y Payne ’09 a 
probably to oppo- 
site poles in 2nd 

Probably Payne ’12 




and Y to oppo- 
site poles in 2nd 


— 

— 

— 

Male is XO 

Wilson ’07a, 

’09 a, ’09 c 

— 

— 

— 

Male is XO 

Wilson ’OVa, 

’09 a, ’09 c 

11 + X 

12 $ 

11 + X 

12 $ 

11 

n+x 

12 $ 

Henking & 
Gross believed 
spg. = 24 

Henking ’90, 

’91, ’92 

Gross ’06, ’12 

Wilson ’09a, ; 

09c ' 


Payne ’09 a, 
’12 
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Species 

! 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

1st cyte 

2nd cyte 

tid 

Frionidus 

cristatus 

26 spg, 

28 oog. 

11 + XI 
+xn+ 
Xui+Y 

11 + XI 
4’Xii4- 
Xin+Y 

— 

XiXiiXiiiandY 
to opposite poles 
in 2nd 

Montgomery 
’ 01b, ’06 
Payne ’09 a 

Fselliodes 

Hnctus 

28 spg. 

30 oog. 

16 

12 + XI 
4-XII+ 
XIII+ Y 

— 

Probably 
XixiiXiii and Y 
to opposite poles 
in 2nd 

Payne ’12 
Goldsmith 
’16 

Feduvim 

personatus 

- 

12 

11 

— 

cf = XY 
probably 

Payne ’12 

Mocconata 

annulicornis 

27 spg. 

12 + XI 
+ XM 
+ Y 

12 + XI 
-f XII 
+ Y 

12 + XI 
+ XU 

12 + Y 

— 

Payne ’09 a 

8inea 

diadema 

28 spg. 

80 oog. 

16 

12 4- XI 
+XII+ 
Xiii+Y 

12 4- X‘ 
H-X«+ 
X“i 

12 + Y 


Montgoiviery 
’ 01b, ’06 
Payne ’09 a 

Sima 

complexa 

28 spg. 

30 dog. 

16 

12 + XI 

Xiii+Y 

12 + XI 
+XII + 
XIII 

12 + Y 


[ 

Payne ’12 

Sinea 

confusa 

28 spg. 

30 oog. 

16 

12 + y 
+X“+ 
X“i+T 

12 + XI 
+XII+ 

I XIII 

12 + Y 


Payne ’12 

Sima 

rileyi 


18 

12 -f XI 
+XII+ 
XIII + 
IP + 
Xv+Y 


Probably 
XiXiiXiiiXi^XV 
and Y to oppo- 
site poles in 2nd 

Payne ’12 

Sima 

spinipes 

28 spg. 

30 oog. 

16 

12 + XI 
+XII+ 
Xm+Y 

: 12 -f XI 
^ 4 .XII + 
XIII 

' 12 ;+ Y- 

■ 

Payne ’12, 

14. Tingi‘ 
tidae 

Tingis 

dlavata 

— 

7 

7 

..7 

X and Y to 
poles in 1st? 

Montgomery 
’Ola, ’06 
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strates. As may be expected , the females carrying 2 X as in other 

Hemiptera, show no trace of a Y, but twice as many X components as ‘ i. 

the males. Unfortunately no exhaustive study of the complete oogenesis 

has been reported in any species. j; 

A study of the preparatory phases of the spermatocytes shows that I 

the material of the sex chromosomes may at that time be contained in | 

one large nucleolus, to the construction of which a plasmosome may also | 



•*V«. 

•s* 


••••a 


••••• 

••rf 

%%% 

e 

^ / 


Fig. 30. Aeholla mulUspinosa (PA.Ym, ’10) — a Metaphase of oogonial division. 
30 chromosomes, including 2 compound S chromosomes of 6 components each, b Sperma- 
tOgonial division. 26 chromosomes, including one compound X of 5 components and 
a large T. c First spermatocyte metaphase, d Second spermatocyte metaphase. 
e Sc f Daughter plates of second spermatocyte division showing 10 autosomes and a 
large Y, the other 10 autosomes and the 5 components (2 medium and 8 small) of the 

compound X. 

contribute. Shortly before the final condensation of the autosomes, the 
sex chromosomes emerge from the nucleolus and the plasmosomic con- 
stituent disappears (Fig. 7). . . 

Tingitidae: MONTGOMERY’S brief mention of conditions m Itngts 
(’Ola, ’06) is inconclusive. 


HOMOPTERA 

Sex chromosomes as found in a number of families in tMs order 
show such uniformity in structure and behavior that these families may 
well be considered together. On the other hand in the two families of 
Aphididae and Coecidae are encountered features so exceptional that it 
was thought best to give these two groups special treatment. 

Aphididae: Analyses of the complicated life cycles of these in- 
sects have furnished some excellent demonstrations of the mechamsm of 
the distribution of sex chromosomes and its relation to sex determination. 
A life cycle of a comparatively simple type is found in Phylloocera earyae- 
eavlis. Here there are two kinds of stem mothers. One of these gives 
rise to winged, migrant females which, in turn produce nothing but 
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males. The other type of stem mother, externally indistinguishable, 
gives rise to migrants that produce sexual females. Fertilization of 
sexual females by males finally results in the production of stem mothers 
again. The case presents a so called closed cycle, the various forms 
appearing in regular and serial succession. In other species there may 
be an open cycle and no such serial regularity obtains. 

VON BAEHR, Morgan, and Stevens have shown that complicated 
though these cycles are, the chromosomal phenomena conform to what 
might be expected from our experience with simpler cases. The eggs 





Fig. 31. Phylloxera caryaeeaulis (Moegan, ’12)— o Metaphase of male producing egg. 
h Anaphase of male producing egg showing the lagging split sex chromosome, 
c Telophase of male producing egg with lagging split sex chromosome, d Chromo- 
somes in nucleus of male producing egg, with the undivided sex chromosome in the 
polar body at periphery. Aphis salieeti (v. Baehe, ’ 08 )— e, f,g &h First spermatocyte 
division showing unequal distribution of chromosomes and cytoplasmic inclusions. 


of Stem mothers and migrants developing without fertilization, undergo 
only one maturation division. This is equational and the chromosomes 
are not reduced as a consequence— except in the case of male producing 
eggs. In the latter there is an elimination of one or more chromosomes 
during the division in question, and there can be little doubt that these 
are sex chromosomes (fig. 31). The fact that the fertilized sexual eggs 
always give rise to females, i. e. stem mothers, is in turn due to the 
peculiar course of meiosis in the males. In the first spermatocyte divi- 
sion certain chromosomes— again sex chromosomes— pass undivided into 
one of the cells (fig. 31). It is this cell which after a normal equation 
division gives rise to sperms, while the sister cell degenerates (usually, 
but not always, without a second division). 
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The chromosome cycle may be diagrammatically shown as follows: 
Stemmother(4'4-4X)-^ Migraut(4+4X)-»Male (4+2X) + 


Stem mother 
(4 + 4 X) 


Stem mother (4+4X)-*' Migrant(4+4X)— »Female(4+4X) 


It must be pointed out that although the correlation between the 
production of the various types of individuals and the chromosomal 
phenomena is in general fairly clear, several points remain to be ex- 
plained. These may be outlined as follows: 

a) In cases like Phylloxera earyaecaulis, the male producing and 
the female producing migrants always arise from different stem mothers. 
Despite the fact that the stem mothers all look alike, there must thus be 
two types. Morgan (’09, ’ 12 ) on the basis of somewhat inconclusive 
observations suggested that in some migrants one of the small X com- 
ponents exhibits a tendency to attach itself to one of the large X 
components. Depending then on whether this attached small X or the 
independent small X are eliminated in the male producing egg, two 
kinds of males would be produced. The sperms of these in turn after 
fertilizing the sexual eggs would bring about the production of the two 
types of stem mothers. 

b) The exact way in which certain chromosomes are eliminated 
from the male producing eggs is not quite clear. Stevens (’10) sug- 
gested that in the aphid of Oenothera one of 2 X chromosomes passes 
bodily into the polar body, thus leaving only a single X in the deve- 
loping egg. Morgan’s evidence (’08, ’09a, ’09b, ’12,. ’1.5) showed that 
in the male producing egg of Phylloxera earyaeeaulis 2 components of 
the X complex (one member of the large and one of the small pair) 
are thrown out into the polar body. VON Babhr (’20) however ex- 
pressed some doubts as to the details of this process — especially as 
concerns the aphids — and pointed out that in such a case as Aphis 
saliceti the elimination of one sex chromosome- may occur in one of 
two ways: (1.) one of the 2 X chromosomes passes out into the polar 
body after they have conjugated, or (2.) one X passes undivided into 
the polar body while the other divides equationally like the autosomes. 
VON Baehr’s evidence resting on a single egg indicated that already 
before maturation only a single sex chromosome is found in the egg, 
but this furnishes an admittedly insufficient basis even for hypothetical 
considerations. Certain it is that some elimination occurs. 

c) Mention should be made of the fact that neither in the oogenesis 
nor the spermatogenesis has heteropycnosis been observed, von Babhr 
(’09) and MORGAN (’15) both figure a nucleolus in the growth stages 
of the spermatocytes, but this disappears before the division occurs and 
is no doubt identical with a true plasmosome. Morgan believed that 
the larger of the second spermatocytes of PhyUaspis eoweni shows that 
certain of the chromosomes condense slightly faster than the others, but 
VON Babhr apparently did not make any such observation in other 
species. In general then, except in those cases where the sex chromo- 
somes are distinguished by size or form, there is no way of recognizing 


'f' 


:i 
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tli6ni in plias6S otbor than th© actual divisions , and thon only if they 

lap^ or precede on the spindle. ^ • 4.1, 

d) It has been claimed that in the first spermatocyte division the 
distribution of the sex chromosomes is predetermined, since they are 
always found in the larger of the two resulting cells— the same which 
also contains the main mass of mitochondria. However, it is e:^eetogiy 
difficult to decide whether the sex chromosomes pass into the larger 
cell, or whether most of the cell constituents follow the sex chromo- 
somes. On the whole, figures of the process seem to favor the former 
interpretation, so that here the constitution of cells would regulate 
distribution of chromosomes and the latter is not left to chance. 






'JJr# 


■ 







IBI 




Kg. 32. Fseudocoe<ms maritmus (Schradeb, ’23)— a Heteropyonosis involving 5 of 
the 10 chromosomes in the first spermatocyte. 6 Later prophase of the first spermato- 
cyte. e Metaphase of first spermatocyte, d Anaphase of first spermatocyte division. 

6 Anaphase of second spermatocyte division, f Telophase of second division. 

But regardless of whether these difficulties are solved, it appears 
clear that in all cases investigated the males are heterogametic. Through 
a special mechanism females may in some instances produce two kinds 
of eggs, but these always develop parthenogenetically and are not 
gametes in the usual sense. The heterogamety of the male expresses 
itself in the fact that its sex chromosomes have the formula XO. Compli- 
cations may however arise from the fact that the X chromosome is often 
compound. The females, no matter what form they may take, are al- 
ways represented by the XX condition. (Thus in Phylloxera caryaecaulis 
the males = 4 autosomes + X^ -]- X“, and the females = 4 autosomes 
+ 2Xi-f 2X») 

Coccidae: In none of the few forms investigated have sex chro- 
mosomes been definitely demonstrated. There is however a possibility 
that the strange conditions observed in the males of various species of 
Pseudoeoeeus (SOHRADEE, ’21, ’22a) may rest on the fact that half of 
the chromosomes constitute a compound X and the other half a com- 
pound ¥ (Mg. 32). The males in question have a diploid number of 
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10 chromosomes. In the meiotic preparatory phases 5 of these condense 
precociously. No synaptic phenomena are observable. The first sperma- 
tocyte division is eqnational for all 10 chromosomes, but. in the second 
the two groups of chromosomes differentiated earlier by heteropycnosis, 
pass to opposite poles. The males are evidently heterogametic on this 
evidence, and that the females are homogametic is borne out by the 
fact that all 10 chromosomes pair and form tetrads in the maturation 
of the egg^. , ^ . ... ■ 

Cereopidae^ Cicadidae, Fulgoridae, Jassidae (Cicadellidae)^ 
Membraeidae: The sex chromosome condition in all these families is 


Fig. 38. Enchenopa Unotaia (Kornhauser, ’14)— a Bouquet stage in first spermatocyte, 
with X and Y joined end to end, b Strepsitene stage with X and Y in parasynapsis. 
c Strepsitene stage showing X and Y separated, d e Condensation stages, f Side 
view of first spermatocyte division, m = largest pair of autosomes. 


of a simple type, -with no special complications. The males of the many 
forms investigated hy Boeing (’07, ’13a, ’15) are characterized by _ an 
unpaired X which passes undivided to one pole in the first division. 
The only species in which Boring’s account was not clear cut was 
Eneheno^a Unotata, and there KOENHAUSER (’14) has since demon- 
strated an XY pair in the male (fig. 33). The behavior of these two 
sex chromosomes is of some interest especially in the growth stages of 
the meiosis, both being considerably elongated but staining more inten- 
sely than the autosomal threads. During this period also they become 
united end to end but can be differentiated from each other because of 
the deeper stain taken by the X. In connection with the question of 
synapsis it is of significance that the X and T thread is later bent at 
the junction of the two chromosomes and these finally come to lie side 

* These conditions seem to he paralleled in the coceid Lecaninm, as Thomsen 

lias recently (’27) pointed out. 
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HOMOPTERA 


Cliromo 


Number 


1. ApMdae 
Aphid frombeecb. 


Aphid from beacb i 
golden rod 


12 partb. 


Aphid from SoU- 
dago alimima 


Aphid from 
maple 


Aphid (black) 
from milkweed 


Aphid from 
Masturiium 


Aphis (I) 
from Oenoihefd 
bimnis 


i 10 spg. 

1 10 partb 


Aphis (green) 
from rose 


14 partb 


Aphis (green) 
from star cu- 
cumber 


Aphis (green) 
from willow 
(Saranac) 

Aphis saliceU 


Aphis salicola 


Chermes 

pectinata 


Chermes : ' 

sirobildbms 


Lachnus dentaiusl 


Meiotic Cbromosomes 
(male, unless otherwise 
stated) 

1st cyte 

2nd cyte 

tid 

8 

7 

7 X 

— 

— 

5 

5 + X 


6 

5 

5 + X 

— 

16 

15 

15 + X 

— 

4 

8 partb. 

3 

3 + X 

— 

4 

3' 

3 + X 

— 

5 

5$ 

8 XX 

cTegg. 

10 partb. 

4 

44 - 2 : 

4 

4 + X 

1—4 

6 

6 + X 


5 . 

4 

4 + X 


5' 

4 

4 + X 


3 

a 6$ partb. 
a 

2 

2 + X 

2 + X 

,3 ,, 

2 

2 + X 

2-l-X 

la 10 

10$ 

'•'10 


^ 10 (=11? 

22 parth 
la, $ egg. 

y) 20 partb 

d" egg- 

) 10 or 11 

. 8 


4 

3 

3 + X 

— 


Eemarks I Reference 


Stevens ’06, 
’09b 


Stevens ’06, 
’09 b 


Stevens ’06, 
’09 b 


Stevens ’06, 
’09 b 


Stevens ’06, 
’09 b 


Stevens ’06, 
’09 b 


STEVENS’OSa, 
’05 b, ’06, 
’09 b, ’10 


Stevens ’06, 
’09 b 


Stevens ’06, 
’09 b 


Stevens ’06, 
’09b 


VON Baehr 
’08, ’09, 12, 
’20 


Possibly 
identical with, 
Stevens’ willow 
of Haeps- 
, ; WELL 


Stevens ’06 
1 Morgan ’09 b 


.'■■'Account'',; 

, incom.plete. 


Account 

incomplete 


^'Frolowa ’24 ; 
• Fbolowa ’24 


Morgan ’09 b 
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H 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

■ 

1st cyte 

2nd cyte 

tid 

Phyllaspis 

eoweni 

5 spg. 

6 oog. 

3 

2 

2 + X 

2 + X 

— 

Morgan ’15 

Phylloxera 

caryaeeaulis 

5 (=6) 
spg- 

6 (=8) 
oog. 

3(=4) 

3(=4)5 

6(=8) 

parth. 

3(=4) 

2 

3(=4)9 

3(=4) 
3(=4)$ 
5(f parth. 

6$ parth. 

egg- 

X is composed 
of 2 components 
which fuse. Thus 
d'=4+X^+X« 
$ = 4+Xi+Xi 
+ Xii + X« 

Morgan ’08, 
’09 a, ’09 b, 
’12, ’15 

Phylloxera 

fallax 

10 spg. 

12 oog. 
12$ soma 

6 

69 

12 parth. 

$ 

4 

6 

6$ 

6 

69 

10 c? 

parth. egg. 
12 9 

parth. egg. 

0^=8 + Xi ! 
+ X« 

$ = 8+Xi 
+Xi+X“+XH 

Morgan ’06, 
’09 h,’ 12, ’15 

Stomaphis 

yanois 


10 

8 + Xi 
+ X« 

8 


All divide in 
2nd jbuttids from 
cells with 8 
degenerate 

Honda ’21 


2, Cerco^pidae, Cicadidae, Fulgoridae, Jassidae, and Memhracidae 


Agallia san~ 
guinolenta 

— 

11 

10 

10 + X 

— 

X divides equa- 
tionally in 2nd 

Boring ’07 

Amphiscepa 

Uvittata 

25 spg. 

12 +X 

12 

12 +X 

— 

X divides equa- 
tionaily in 2Ed 

Boring ’07 

Aphrophora 

parallela 


15 

14 

14 + X 

— 

— 

Boring & 
Fogler ’15 

Aphrophora 

quadrino- 

tata 

— 

14 

13 

13 +X 


X divides equa- 
tionally in 2nd 

Boring ’07 
Boring & 
Fogler ’15 

Aphrophora 

quadrino- 

tata? 

23 spg. 

23crsoma 

24 oog 

11 +X 

11 

11 +X 

11 

11+X 


Stevens ’06 

Aphrophora 

spumaria 

— 

12 1 



X to pole in 1st 

Boring ’13 a 
Boring & 
Fogler ’15 

Atymna 

easiama 

, — 

11 

10 

10 +x 


X divides equa- 
tionally in 2nd 

Boring ’07 

CampylencMa 

mrvata 

(Enehenopa) 

19 spg. 

9 + X 

9 

9 -f X 

9 

9+X 

This is the En- 
chenopa curvaia 
of Kornhauser 

Boring ’07 
Kornhauser 
’14 

•Oeresa 

huhalus 

■■ — 

11 

10 + X 
10 

— 

X divides equa- 
tionally in 2nd 

Boring ’07 

‘Ceresadiceros 

— 

11 

10 + X 
10 


X divides equa- 
tion ally in 2nd 

Boring ’07 


Zellen- nnd Befrachtungslehre hrsg. v. Buchner; I: Schrader 
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Cliromo- 


X divides equa- 
tionaliy in 2nd 


Ceresa iaurim 


Boring ’07 


C. unicolor and 
C. vividus confu- 
sed. Not known 
which species has 
which chromo- 
some conditions 


Ohlorotetirix 

unicolor 


Boring ’07 


Chlorotetirix 

vividus 


Boring ’07 


Cicada (Tibieen) 
septendicem 


Schaffer ’20 


Boring ’07 
Boring & 
Fooler ’15 


Boring & 
Fooler ’15 


Boring ’0' 


Diedrocephala 


X divides equa- 
tionaliy in 2nd 


Boring ’07 


Boring ’07 
Koenhausee 


X divides in 2nd 


Boring ’07 


Boring ’07 call- 
ed this AphrO' 
pkora 


Boring ’0' 
’l3a ' 


Boring & 
Fogler ’15 

Borlng ’13 a 
Boring & 
Fogler’ 15 


Boring ’0' 


Boeing ’0' 


Borinc 


equational for X 


Boring ’07 


Meiotic Chromosomes 
(male, unless otherwise 
stated) 


Diploid 


Reference 


Species 


some 

Number 


1st cyte 2nd cyte tid 


10 *-}“ X 10 “p X — 
10 


10 +X 10 +x 
10 


21 spg. 


19 spg. 

20 $ 


X divides equa- 
tionally in 2nd 


Clastoptera 

obtusa 


15 spg. 


X divides equa- 
tionally in 2nd 


Clastoptera 

proieus 


X to pole in 1st 


Diedrocephala 

cocdnea 


23 spg. 


ii + x n+x 

11 


X divides eqna- 
tionaily in 2nd 


12 11 -fX ~ 

11 


Enchenopa 

hinoiata 


20 spg. 
20 oog. 


+ XY 9+X 94-X 

9-fY 9+Y 


Eniilia sinuata 


21 spg. 
21 spg. 


10 + X 10 

lO+X 


Leproma ( Aphro 
phora?) qua- 
drangularis 


10 +X 10 

10 + X 


Fkilaenus 

lineatus 


29 spg. 


15 14 

14 + X 


Fmlaenus 

spumarius 


23 spg. 
23cf SOI 

24 oog. 
24$ SOI 

15 spg. 


All chromo- 
somes divide in 
2nd 


Fhlepsius 

irroratus 


7+X 7 

7-f X 

12+X 72 

12 + X 

13 +X 13 

13 + X 

13 +x Ts 

13 +X 

io”+x ^7- 


2nd division 
equational for X 


Foecuoptera 

hivittaia 


2nd division 
eqnationai for X 

2nd division 


Foecuoptera 

pruinosa 


27 spg. 
28$ soma 


Foeeiloptera 


27 spg. 

28 $ soma 


2nd division 
equational for X 

X to pole in 1st 


Tkelia 

himamlata 


21 spg. 
21(^ soma 

22 oog. 
22$ soma' 


Kornhagser 
’14,:’l9 : 
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Species 

Diploid 

Chromo- 

some 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Eererence 


Number 

1st cyte 

2nd cyte 

tid 



Vmduzea 

areuaia 

17 spg. 

1 8+X 

8 

8 X 

— 

2nd division 
equational for X 

Boring ’07 

3. Coecidae 







Fseudoeoceus 

10 spg. 

10 

10 

5 

i Possibly com- 

Schrader 

eiiri 

lOcfsoma 
10 oog. 

10 $ soma 

5 

5 

5 

pound X of 5 ele- 
ments and com- 
pound Y of 5 
elements 

’23 a 

Fseudoeoceus 

10c? soma 

10 

10 

5 

Possibly com- 

Schrader 

mariiimus 

10 V soma 
10 oog. 

5 

5 

5 

pound X of 5 ele- 1 
ments and com- 
pound Y of 5 
elements 

’23 a 

Fseudoeoceus 

10 spg. 

10 

10 

5 

Possibly a com- 

Schrader 

nipae 

10c? soma 
10 oog. 
10$ soma 

5 

5 

5 

pound X of 5 ele- 
ments and com- 
pound Y of 5 
elements 

’21, ’23a 


by side. But this position is not maintained, for shortly before final 
condensation, the thread once more becomes straight and in the first 
division the two sex chromosomes pass to opposite poles. 

There are several other species, such as some forms of Aphrophora, 
and Vandusea, where the X although condensing precociously never- 
theless becomes considerably elongated in the growth stages of the 
spermatocytes. In Campylenchia, Philamus and several others however 
it remains rounded and condensed throughout all the preparatory stages. 
Similar variations are to be observed in the actual divisions. Thus in 
Phlepsinus, the X may precede the autosomes to the pole (in the first 
division), in Campylenchia it lags behind them on the spindle, and in 
Vanduzea it may either precede or lag, both types having been observed 
in different spermatocjdies of the same animal. 

But as already stated, the basic conditions as far as the sex chro- 
mosomes are concerned, are very uniform. In all cases except one the 
male has an unpaired X, and it is always in the first spermatocyte 
division that segregation of the sex chromosomes occurs. Whereever 
the somatic and oogonial chromosomes of the female have been investi- 
gated, the evidence confirms the expectation that 2 X are there present. 

As evidence for the fact that the influence exerted by the chro- 
mosomes may under certain conditions be overridden, the case of Thelia 
may be mentioned (KOENHAUSER, ’19). It was found that males para- 
sitized by the hymenopteron Aphelopus may assume certain female cha- 
racters. Nevertheless at least two such individuals were found in which 
not only normal testes were present, but which also carried the normal 
male complement of chromosomes. 


9* 
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LBPIDOPTERA 

As is now weE known this is the only group 
that- of the.hirds. 

"T s s: 

ZiLepidoptera XO or XY =J, 

^^Mow'the suggestion given by Morgan and designate the two sexes 
as foUows: ZZ = d" and WZ or ZO = ?• 

Heteroeamety in the female of the Lepidoptera was first eluci- 
dated from |S experiments inyolYing sex linkage (as m Airaxas 
Jf DonSTstS ’08). It is true that MO CLUNG m 1901 mentioned 
that he had observed in this group as well as in several others an 
acfessorv chromosome, but he gave no further evidence to snpport the 
plairn Several other cytological investigations of the earlier years carry 
Thul STEVENS (’06), wojing on the male o 
Cacaecia and Emanessa reported in the growth stages of _ the first 
spermatocyte a bEobed or double chromatin nucleolus which as she 
thought gave rise to a pair of sex chromosomes A very simlar nuc- 
leolus wfs described by Dederee (’07) in {^S ^ 

Callosamia and seyeral otker species, and 

Abraxas and Pirns, all of these investiptors regarding tMs nucleolus 
as representing an XY pair present in the males, Jiist as StEVENS had 
done In 1914 SEILER pointed out with some justification that the 
evidence in support of this contention was in every case insufficient 
S that a sii criBoiam is applicable to DOHOiSTm’s con^sions 
in the case of the oogenesis of Pieris and Ah axas (DONOpTER m 
1912 had reported a double nucleolus in the oocytes of these two fwms 
which according to him owed its origin to the condensation of hetero- 

Itt 1920 Doncaster himself had come to regap all this 
cytological evidence on sex chromosomes as of dubious value for he 
then stated that Seiler in 1913 had been the_ first to give a cytolo- 
gical demonstration of the sex chromosome conditions in the Leptdoptet a. 

Seiler’s accounts of 1913 and 1914 brought out the followmg 
conditions hi Phrcigwiiitoiici (Fig. 34). In the meiotic preparatory^tages 
of the eggs appears a nucleolus which stains like chroinatin. Despite 
this fact, it does not represent condensed sex chromosomes for ^ it dis- 
appears before the metaphase stage of the first maturation division is 
reached. (A similar observation was made ^ later (’15) by Dedeeee in 
Philosamia). The number of chromosomes in this first metaphase plate 
is 28, and one of these is much larger than any of the other 27. In the 
division 28 chromosomes go to each pole, but at one of the poles (it 
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may be in either the polar body group or the group in the egg) the 
largest chromosome breaks up into 2 smaller chromosomes. Since the 
second maturation division divides all chromosomes equally, two types 
of eggs may be formed; if the chromosome which breaks into 2 smaller 
chromosomes remains in the egg there will be 29 chromosomes, if it is 
thrown out into the polar body there will be 28 chromosomes. 

The diploid number of chromosomes in the male is 56. All sperms 
are alike and all carry 28 chromosomes. 

In Seiler’s interpretation, the large chromosome which breaks up 
into 2 components after the formation of the first polar body in the 
egg, is a W chromosome (i. e. it corresponds to the Y in cases where 







Fig. 34. Fhragmaiobia fuliginosa (Seiler, ’14 ) — a Oocyte in synizesis stage, with true 
nucleolus, b Metaphase of first oocyte division, c d Daughter plates of first oocyte 
division, one including the Z chromosome, the other the two components of the 

compound W. 


males are heterogametic). The Z chromosome (i. e. the X) is slightly 
larger than the compound Y and in the male is represented twice. As 
a result of fertilization the following zygotes would be formed: 

EGG SPERM 

(27 I Z) +(27 + Z) = 64 + 2Z =56 = 6’ 

(27-p-W' + W“) + (27 + Z) = 54-i-Z+Wi+W“ = 57 = $. 

Embryos with 56 chromosomes including an equal pair of large 
ones are indeed found. But the expected type with 57 chromosomes is 
not present. Instead the remaining embryos usually contain 58 chromo- 
somes and these Seiler attributed to a secondary breaking up of the 
larger component of the compound W chromosome. This view is sup- 
ported by the fact that such embryos do not then show the large 
heterochromosome which is still recognizable by its size after the first 
fragmentation. 

Cases that are more striking because of their greater simplicity 
were reported by Seiler somewhat later in Talae^poria (’17, ’19, ’20) 
VJiSi Fumea (’19, ’20). In each case both sexes were investigated and 
in each the female is characterized by an unmated sex chromosome, so 
that its sex chromosome formula is ZO. 

Mention should be made of the special conditions present in a 
certain strain of Alraxas which DONCASTER discovered and reported in 
1913a. In this form both sexes normally have 66 _ chromosomes, but 
Doncaster found some females with only 65^ Since these females 


134 


Franz Schrader 



lepidoptera. 


Species 

Diploid 

Chromo- 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

Number 

1st cyte S 

2nd. cyte 

tid 

Abraxas 

grossulariata 

56 spg. ! 

56 oog. : 

normal 
race 

28 i 

28 $ ! 

28 

28 9 

— 

2nd division 1 
equational 

Doncaster 
’10, ’ll, ’12, 
’13, ’14 

55 oog. 

$ produ- 
cing race 

28 9 

27 9 

28 9 


2nd division 
equational 

Abraxas 

lactkolor 

56 spg. 

56 oog. 

28 

28 9 

28 

28 9 

— 

2nd division 
equational 

Doncaster 

’ll 

Automeris io 

— 

31 

31 


2nd division 
equational. 

2 equal sex chro- 
mosomes ? 

COOE ’10 

Caeaecia 

cerasivorana 

— 

30 

30 


2 sex chromo ' 
somes in male 
condense preco- 
ciously 

Stevens ’06 

Cook ’10 

Callosamia 

prometkia 

38 spg. 

19 

19 


2nd division 
equational. 

2 equal sex chro- 
mosomes ? 

Fumea casta 

61 &62 
embryos 

31 

31 

30 


2nd equational 
for sex chromo- 
somes 

Seiler ’19, 

’20 

Lyda Mrtaria 

28 spg. 
28 oog. 

13 

13 9 

13 

14? 


Male XO? 

Doncaster 

’13b 

Pieris brassicae 

30 spg. 
probably 
30 oog. 

15 

15 9 

15 


2nd equational. 
2 sex chromo- 
somes preco- 
ciously condensec 
in both sexes? 

Doncaster 

’12 

1 

Philosamia 

cynthia 

26 spg. 
26 oog; 

13 

13 9 

13 

13 9 

13 

13 9 

2 sex chromo- 
somes in male 
precociously con- 
densed? 

Dederee ’07, 

S ,:’15, 

PhragmatoUa 

fuliginosa 

56 spg. 
56, 58, 61 
62 civ. 

27 + ZZ 

28 9 

27 4- Z 
27 4- "W* 
_|_-Wa 
27 4- Z 


2nd equational 
for sex chromo- 
somes. W maj 
break up in som< 
soma cells int( 
smaller com- 
ponents 

Seiler ’14 

r 

) ' ■ 
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appeared perfectly normal in every other respect he concluded that the 
missing chromosome carries few or no factors. The chromosome that 
would first come under consideration in this connection would of 
course he the W chromosome (corresponding to the Y of Drosophila), 
Doncaster further established that in these strains the females gave 
rise to broods consisting almost entirely of females. The fact that the 
latter always showed 55 chromosomes led him to the hypothesis that 
the mothers carrying 55 chromosomes produce eggs in which the now 
unpaired Z chromosome always goes out into the polar body. This 
would leave all mature eggs with 27 chromosomes and these when 
fertilized by the normal sperms (with 27 -\- Z) would give rise to 
embryos with 54 autosomes and 1 Z. Such embryos would of course 
always be females and the whole occurrence could thus be explained. 
This attractive hypothesis is however not supported by the cytological 
facts and in a paper published in 1922 after his death, DONCASTER 
definitely established that 27 chromosomes may go as often into the 
polar body as 28. His tentative hypothesis that individuals of this 
strain that contain 66 chromosomes after fertilization have one of the Z 
chromosomes changed so as to become nonfunctional, is admittedly weak. 

Summing up, it appears clear on the basis of genetic evidence 
and the cytological work done chiefly by Seiler, that in this order of 
insects the females are heterogametic and the males homogametic. 
Heterogamety in the females may express itself either as ZO or ZW, 
but in at least one case it appears that the W as it appears at matu- 
ration may be a compound chromosome. 


Species 

Diploid 

Cliroino- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

1st cyte 2ud cyte tid 

Eemarks 

Reference 

Bamia eecropia 

- 

30 

30 

— 

2 sex chromo- 
somes in male 
condense preco- 
ciously ? 

Stevens ’06 

Talaeporia 

iubulosa 

60 &59 
embryos 

30 

30 9 

29 0 

30 0 

30 cT 


2nd equational 
for sex chromo- 
somes 

Seilee T7, 
’19, ’20 

Telea 

polyphemus 

60 spg. 

30 

30 


2nd equational. 
Sex chromo- 
somes ? 

Cook ’10 


ABACHNIUA 


As early as 1896 WAGNER described in the spermatogenesis 
ipiders a “nucleolus” which in the light of later work may be identical 
vith some kind of a heterochromosome. Since that time such 
lomes have been described in a series of species, all of them belonging 
o the order ot Araneida. WALLACE in 1900 published an account of 
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the sBermatoffenesis in Agalena naevia and there described 2 hetero- 
Sromo'ws^SSl. sto r/gavfled as aecessorieB, i. e sax cteomosomss 
She made several corrections of this as well as of a later account ( 05) 
in her paper of 1909, according to which conditions are as follows: 
There are 2 sex chromosomes in the male, both being components of a 
comnound X. These fuse in the early growth stages of the spermato- 
cytes, but separate again when the autosomal threads undergo synap- 
sis Only during this latter stage do these heterochromosomes become 
slightly elongated; at other times they show the form of dense lumps 
or very short rods. In the first division they pass together to one 
pole and in the second they divide equationally, but the total number 
of chromosomes in the spermatids could not be determined with accm- 
racy WALLACE estimated the latter to be at least 25, but Painier 
(’14) who agreed with the general account as given by Wallace be- 
lieved that this estimate is too high. 



Fig. 85. Epeira schpetarw (Beery, ’06)— a & '6 Stages in growth period of first 
Spermatocyte showing that there is probably a compound sex chromosome (O)* ^ Con- 
densation stage of first spermatocyte. 


Montgomery’s description of the spermatogenesis of Lycosa in- 
sopita (’05) according to which 2 heterochromosomes conjugate in the 
preparatory phases, pass to opposite poles in the first, and divide equa- 
tionally in the second spermatocyte division, would lead to the inference 
that he was dealing with an XY pair. Berry (’06) on the other hand 
described a simple XO condition in the males of Epeira sclopetaria 
(Mg. 36). 

Painter’s investigation in 1914 included a reexamination of some 
genera already described by previous workers. Thus he reported that 
except for counts of the total numbers of chromosomes, he agreed with 
Wallace in regard to the existence of a compound X of 2 components 
in Agalena naevia; he found that his observations on Lyeosa communis 
led to the belief that a similar compound X is found there also, and 
Qot an XT pair as MONTGOMERY had described in another species of 
that genus; he confirmed on Epeira sericata much of the work reported 
by Miss Beery in Epeira sclopetaria hut conclnAei that tbore too there 
is a compound X of 2 elements and not a simple X as she had found. 
In fact, he concluded that this condition is probably present in all of 
the forms that he investigated, so that an X^X“-0 complex of sex chro- 
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ARACHNIDA 



Diploid 

Chromo- 

some 

Number 


Agahna 

naevia 


Amaurobius 

sylvestris 




saltihunda 


Callipes 

imbecilla 


Chelanops 

cyrmus 


Dolomedes 

fonianus 


Dugesiella 

hentzi 


Epeira 

seolopetaria 


Epeira 

sericata 


Lycosa 

communis 


Lycosa 

insopita 


Maevia 

viitata 


Obisium 

muscorum 


Oxyopes 

salticus 


23 spg. 


Xysiims 

triguitatus 


Meiotic 
(male, m 

, 

Chromosomes 
iless otherwise 
stated) 

1st cyte 

2nd cyte tid 


— 25 or more 

(Painter S 
thinks 15) 

17 

17 — 


16 

9+XJX« 

— — 

10+XiX« 

— — 

80 + X 

i 

12 4'XiXn 

— ' — 

21+XiXW 

— — 

12 

11 11 

12 12 

— 

— — 

10 + XIX« 

— — 

13 

s 

13 — 

y. 13+XiX« 

13 — 

13 

+ XJX^ 

83 + X 

■ - 

lO-fX^XW 

— , ^ — 

ll+xa« 

■ 



Remarks Reference 


Unpaired 
X« to 01 
pole in 1st 


Wallace 
’00, ’05, 
’09 

Painter 

’14 


Unpaired 
riYII fn nYi 


to one 
pole in 1st 

Unpaired 
X^X^^ to one 
pole in 1st 

Unpaired 
X^X^^ to one 
pole in 1st 

X to pole in 


Painter 

’14 


Painter 

’14 


Painter 

’14 


SOKOLOW 

’26 


2 components 

Unpaired 
X^ X^^ to one 
pole in 1st 

Unpaired 
X^X^i to one 
pole in 1st 

Painter ’14 


Painter 

’14 


Painter 

’14 


pound 

Unpaired 
X^Xii to one 
pole in 1st 

Unpaired 
X^X“ to one 
pole in 1st 

XY in male? 


Berry ’06 
Painter 
’14 


Painter 

’14 


Painter 

’14 


Mont- 

gomery 

’05 

Painter 

’14 


X to pole in SoKOLOW 
first. May have ’26 
2 components • 

Unpaired Painter 

X*-fX«toone ’14 
pole in 1st ______ 

Unpaired Painter 

X^ + XM to one ’14 
pole in 1st 
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mosomes mav characterize most males of the Aranada jmA there is 
some evidenc^ that this may be true also of some Pseudoscoi^iomdae 
fSOKOLOW ’26). Paintee however did not furnish the final check for 
his conclusions for he gave no account of the oogenesis, while his 
studies of the diploid phases in the two sexes led to nothing more than 
Stimates of the numbers concerned. The difficulties involved originate 
2“ part* the eristenee of smaU chroaiatin bodies of nncertam 
chaSr as »eU as m so called sui*rndmeraries. PAISIEE mdeed 
reached the hypothesis that the interesting occupenee of two morpho- 
logically different kinds of male is correlated with differences in these 
small bodies (ctetosomes) as well as in the supernumeraries. 

If therefore it must appear as very probable that the “ales are 
heterogametic, and that their sex c^iromosomes are represented by a 
compound X without a partner, it must not be forgotten that the final 
demonstration of this has not yet been made. Beside a study o the 
oogenesis and the diploid chromosome number, a further analysis of 
Painter’s ctetosomes and supernumeraries would be of great interest. 


ECHINODERMATA 

A detailed study of the small, threadlike chromosomes of this phy- 
lum is made difficult not only because of their great number but also 
because they are so frequently massed and clumped. The shape of the 
individual chromosomes is usually that of straight rods of small dia- 
meter but in some species there is also encountered an apparently 
' dcfinit© miiiibcr of V or tF sliB^pod cliroiiiosoincs. Efforts At a study of 

individual chromosomes have generally been directed at chromosomes 
of this kind. As has been pointed out, especially by BaltzER ( Oa), 
such shapes are due to atelomitic attachment of the spindle fibres. 

In 1909 BALTZER described in the cleavage of the echinoid Para- 
centrotus (StrongylocentTotus) lividus, 2 large J shaped chromosomes, and 
in some cases 1 and in others 2 small J shaped chromosomes— in addition 
to the usual rod shaped chromosomes. InParechinus (Echinus) microtiiber- 
eulatus he described 2 large J aud either 2 or 3 U shaped chromosomes 
in different individuals. Fertilized anucleated fragments of the eggs of 
Paracentrotus showed one each of the exceptionally shaped chromosomes, 
whereas in artificially activated eggs the female pronucleus seemed to 
show one such chromosome in some cases but not in others. Finally, 
hybrids from the cross Parechinus 9 and Paracentrotus 6' showed either 
1 or 2 U shaped chromosomes. Thus the evidence taken as a whole 
seemed to show that the female pronucleus may be of two kinds in 
regard to these exceptionally shaped chromosomes, and if the latter are 
considered as sex chromosomes it is the female that is heterogametic. 

In 1910, Heffner stated that in Lytechinus (Toxopneustes) varie- 
gatus the cleaving, normally fertilized eggs contain either 2 or 3 A" 
shaped chromosomes in addition to the ordinary rod shaped ones. She was 
unable to trace the unmated V to the female pronucleus, but expressed 
the opinion that further investigation in this species would support 
Baltzer’s conclusions on sex chromosomes in other echinoids. That 
there is a chromosomal difference between the two sexes was borne 
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out further by PINNEY (’ll), who found that in embryos from normally 
fertilized eggs of Tripneustes (Hipponoe) eseulenta, 17 out of 29 con- 
tained a J shaped chromosome which was not present in the others. 
This investigation did not decide which sex is heterogametic, but in the 
same year Tbnnent threw an entirely new light on the situation. He 
inseminated Lyteehinns eggs with Tripneustes sperms, and found that 
only half of the hybrids carried the J shaped chromosome seen in normal 
Tripneustes embryos. Since HEFFNER had already demonstrated that 
no such chromosome is to be found in Lyteehinus, the conclusion seems 
inescapable that it must have been brought in by half of the Trip- 
neustes sperms. Tennent finally pointed out that if the J shaped chro- 
mosome really is a sex chromosome, it is the male that is heterogametic 
for sex and not, as Baltzer had maintained, the female. 

TENNENT strengthened his findings in 1912 when he took up the 
work started by Miss Heffner in order to investigate the occurrence 
of unmated V shaped chromosomes that she had described in the nor- 
mally fertilized and developing eggs of Lyteehinus. He found that in 
fertilized, enucleated egg fragments of this species there aie either 1 
or 2 V shaped chromosomes, thus demonstrating that here also there 
are two types of sperms. The case was only made stronger by the 
fact that eggs artificially activated and therefore developing with only 
the female set of chromosomes, always showed 2 V shaped chromosomes. 

A confirmation of Tennent’s general conclusions finally came 
from Baltzer himself (1913) who on fertilizing Sphaerechinus 
with Paracentrotus sperms discovered that half the embryos carried a 
J shaped chromosome while the other half did not. Since Sphaerechinus 
carries no such chromosome, it must have been brought by half of the 
sperms and that finding led to the same conclusion already reached by 

TENNENT. . , , • -U 1 -u 

Tennent has recently (’22) published some work which also has 

a bearing on this point. Normal embryos of Eueidaris (Cidaris) tnbu- 
hides (fig. 36) have either 37 or else 38 chromosomes, and corresponding 
to these two numerical types, there are present either 1 or 2 V shaped 
chromosomes. Artificially activated eggs, that is eggs with only the 
maternal chromosomes, usually showed 1 V shaped chromosome, although 
the evidence on this particular point is not quite conclusive. Hybridiza- 
tion however strengthened the view that the female is homozy^us, and 
the male heterozygous for the chromosome in question. Thus 
eggs inseminated with Lyteehinus sperms gave embryos_ with either 2 
or 3 V shaped chromosomes. Since the last named species had already 
been found to carry either 1 or 2 V shaped chromosomes in its sperms, 
all eggs of Eueidaris must be alike in carrying one such chromosome. 
Similarly, inseminating Eueidaris eggs with Tripneuste^ ^ernis, the 
resultant hybrids were found to have either 3 V plus 1 J shaped chro- 
mosome, or else 3 V shaped and no J shaped chromosome. This strength- 
ened not only the view that all eggs of Alwcrfarw carry the same 
chromosome complement, but also confirmed the older findings that thei^ 
are two types of Tripneustes sperms and that these differ only in tbe 
presence or absence of a J shaped chromosome. 

It should be pointed out that in some forms of EcMnodermata, 
the shape of the chromosomes is not constant under all conditions, hor 
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example the special conditious brought about by hybridization of some 
form may affect the number of exceptionally shaped chromosomes con- 
siderably (mNDEREE, ’14; Landauee, ’22). But this only serves to 
emphasize that each case presents a problem that is more or less in- 
dependent of all the others. 

Despite the difficulties involved in these chromosome investigations, 
it seems clear that some very definite results have been obtained. Thus 
there can be little doubt that the two sexes present chromosomal diffe- 
rences in several of the echinoids investigated. Furthermore, whereever 
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Fig. 36. Euddaris (Tennent, ’22 ) — a Polar view of anaphase stage of first 

, cleavage division (37 chromosomes, including one V shaped chromosome), b Polar 

view of first cleavage division (38 chromosomes including two Y shaped chromosomes). 
e Same as a. d Same as b. efg Three sections of a single figure of first cleavage 
division involving two V shaped chromosomes, h = v shaped chromosome. 

a reliable analysis of the chromosomes was feasible, it was the male 
sex that was found to be heterogametic. In cases like where 

the male and female have 37 and 38 chromosomes respectively it may 
be safely assumed that the male has an odd or unmated X, and the 
female a pair of X chromosomes. If in an instance of this kind it 
seems Justifiable to identify an unmated, exceptionally shaped chromo- 
some in the male as an X, a similar identification of sex chromosomes 
is not possible in those forms like where according to 

Baltzee the chromosome number is the same in both sexes. Although 
in such cases the evidence may make it clear that we are dealing with 
an XY pair in the male, and though we may possibly be able to recog- 
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nize tlie two sex cliromosomes as such., the final step of identifying 
either member of the pair as an X — or a Y, has not been possible so 
far. It is true that this last step might be taken through a study of 
the spermatogenesis (as Wilson (^25) suggested), but the technical ob- 
stacles to such a study are at present too great. 


ECHINODEEMATA 


VERTEBRATA 


Up to a comparatively recent period the work done on the chro- 
mosomes in this group presented a mass of utter confusion. ^ The asto- 
nishing lack of agreement on the simplest and most basic points is well 
illustrated by the investigations of the chromosomes in man where the 
diploid number as reported by various workers in over 30 papers varies 
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from 16 to 48 . While there can be little doubt that nuich of the ear- 

lier work oa vertebrate chromosomes was saperficial and careless, it is 
only fair to say that the cellular conditions apparently obtaining through- 
out the group are not favorable to an easy elucidation of the chromo- 
somal conditions. Not only are the numbers exceptionally high (except 
for some Marsupialia), but the unavoidable overlapping_ of the long chro- 
mosomes is complicated by a tendency to clump during many of the 

crucial stages. , „ . . 

The improved results obtained in the course of more recent in- 

vestigations are in great part owing to the extreme care with which 
the material was handled and studied, but also to the use of certain 
modifications of well known fixing fluids (Modified FLliMMlNG as ela- 
borated by Hance, ’17a, and Modified BouiN as used by Allen, 19). 

Although this most recent work justifies^ the conclusion that sex 
chromosomes in vertebrates differ in no essential from sex chromosomes 
in invertebrates, additional and confirmatory evidence is needed. A few 
workers like Gutherz still seem inclined to doubt that sex chromo- 
somes exist as such in this group, but this view is not shared by the 

majority of investigators in the field. The cytological evidence, often 

supported by genetic data, plainly points to the fact that the males are 
heterogametic in all the included classes except the birds and some 
fishes, where the females are heterogametic. Moreover the evidence is 
becoming stronger that in most cases the sex chromosomes of the 
heterogametic sex are in the form of an unequal XY pair, although in 
some cases there is still some disagreement on this particular point. 


PISCES 

Genetic evidence obtained by Schmidt (’20), Wince (’22b), and 
Aida (’21) established that the males of the species of teleosts they 
investigated are heterogametic whereas the evidence adduced by Bellamy 
(’ 23) and GORDON (’26) in Platypoecilus seems to indicate that there 
the females are heterogametic. Cytological demonstration of these 
facts has so far not been given, and that is not surprising since the 
fishes furnish very unfavorable material for investigations of the chro- 
mosomes. 

Structures that may possibly represent heterochromosomes were some- 
times figured by the earlier investigators in the group, but since in nearly 
all such cases no further reference was made to them in the accompanying 
texts, it now seems futile to speculate about them. In 1895 Moore 
mentioned a “secondary nucleolus” in the prophases of the meiosis in 
the males of several Elasmobranchia, but naturally was not aware of 
its possible significance. Wince (’22 b) in a short paper in which he 
attempted to give a cytological basis to the genetic results previously 
obtained on fishes, concluded that in LeMstes the males have an XY 
pair of chromosomes. But as it stands, the account warrants no such 
conclusion — ^his evidence being based on the fact that 23 chromosomes 
show in both spermatocyte divisions, that the oogonia carry 46 chromo- 
somes (although one of his figures shows 45), and that in the diakinesis 
of the first oocyte there are 23 pairs or tetrads (this number based on 
a cell cut into three sections). There appears to be no heteropycnosis, 
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no lagging or precession, or any other feature which might suggest the 
presence of heterochromosomes of any kind. It is plain that without 
some such indication, the rather doubtful findings that the number of 
chromosomes is the same in both sexes can not be regarded as a cyto- 
logical proof of the presence of an XY in the male. 

roLEY’s description of spermatogenesis in Umbra (’26) parallels 
that of WiNGE in that no trace of any special behavior on part of any 
of the chromosomes could be discovered. Foley suggested that a large 
pair of L shaped chromosomes may represent sex chromosomes and then 
proceeded to the conclusion that in that case the male must have a 
pair of X chromosomes, but it is manifestly useless to consider this 
suggestion seriously without additional evidence. Again, GlElSER (’24) 
expresses the opinion that in Oamhusia males the presence of sex chro- 
mosomes is indicated, but advances no real support for this hypothesis. 

AMPHIBIA 

The great amount of work that has been done on the cytology of 
this group has not cleared up the question of the sex chromosomes nor 
the apparently complicated conditions underlying the more general as- 
pects of sex determination. 

H. D. King (’12) has published what appears to be the only paper 
specifically concerned with sex chromosomes in the Urodela. She con- 
cluded that in the males of Necturus an X chromosome is attached more 
or less constantly to one of the autosomal tetrads and passes undivided 
to one pole in the first division. Miss KING holds it possible that a 
smaller Y may also be attached to the autosomal bivalent in question. 
The second division appears to present some difficulties to a successful 
analysis, although Miss King is inclined to believe that the X then 
divides equationally. Unfortunately her promised further investigation 
of the question, especially in regard to the Y, has never appeared, and 
Paementer’s suggestion (’19) that similar conditions may obtain in 
Ambly stoma is too indefinite to throw any further light on the sex 
chromosomes of the Urodela. 

In the Anura it has been a question for some time as to whether 
the male or the female is heterogametic. The fact that frogs from arti- 
ficially activated eggs may be of either sex gave support to the hypo- 
thesis that the female is heterogametic. However if WiTSCHl’s results 
(’23) obtained in breeding experiments involving an hermaphrodite frog 
can be confirmed, little doubt is possible that it is the male that is 
heterogametic. 

The purely cytological evidence is not decisive. Levy (’16) in 
work that has never been confirmed by any worker since then, reached 
the conclusion that the males of Bana eseulenta have an unpaired X 
which in the first spermatocyte division passes undivided to either pole. 
Swingle (’17) reached a similar conclusion in Bana pipiens but re- 
tracted these findings in 1921, concluding that the X of his earlier 
paper had been an ordinary autosome. Indeed it now seems fairly 
certain that the male frogs have an even number of chromosomes and 
that this number is the same as that found in the females, so that it 
seems safe to conclude that a simple XO condition can not be present. 
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i is an endeavor to elucidate this 
The sperinatogonial number in that 
' ' -) found 13 elements 

, re the others. The division is how- 
ile. The largest at 

marked constriction 

th^ second division this chromosome 
■ pole and the smaller to the 

other. Usually it shows a distinct 
tendency to lag on the spindle at 
this time. WITSOHI concluded that 
we have here an unequal XY pair, 
of which the larger component re- 
I presents the X. The case presents 
' some difficulties however. Aside 
y from the fact that identification of 
’ either member of the pair as the 
}) X does not seem possible without 
examination of the chromosomes in 
the female, the difference in size 
1041 between the chromosomes in question 
s di- is so small, that even if female 
yhat chromosome plates become available, 
a final decision may well be im- 
„ .. possible. Indeed aside from the pre- 

cession in the first and lagging in 
ciiroinosoiiies. th6 sscoiid division, little siipportini, 

evidence is available for the hirpo- 
thesis that we are dealing with sex chromosomes at all. Recognizing 
the care with which WitsohTs work was performed, it nevertheless 
seems advisable to defer a final conclusion on the question of the sex 
chromosomes in frogs. 


The recent work of WitSOHI (’24)^ 
point in Bana temporaria (fig. 37). 
species is 26. In the first spermatocyte plate are 
and the largest of these divides before the 
ever equational, and 13 chromosomes go 
this time betrays a compound — 
ffiving it s, bilobod app 63 /raiicG. ^ 
is divided, the larger lobe going to one 


BEPTIllA 

Until 1919 the only work on sex chromosomes in this class of 
vertebrates was reported by Jordan (’14 a) who found in the males^ of 
two species of the Ghelonia a bipartite body that he suspected of being 
identical with sex chromosomes. In view of the phylogenetic relation- 
sMp between reptiles and birds and the fact that in the latter there had 
long been genetic evidence for the belief that the female is hetero- 
gametic, a cytological analysis of both classes has always been of great 
interest. In the year mentioned above, Dadq reported on the sperm^- 
genesis of A.nguis, one of the Lacertilia, and his work showed that 
generally speaking the chromosomal conditions in the two classes are 
very much alike especially in the fact that there is a number of very 
small chromosomes (microchromosomes) in addition to some of a more 
ordinary size (macrochromosomes). The former type of chromosome op- 
posed great difficulties to an exact cytological analysis but Dadq was 
able to arrive at more definite conclusions in regard to the macrochro- 
mosomes. He found that in the diploid sets they always number 19, 
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that after pseudoreduction there are always 10 of them, and that in 
the first spermatocyte division one of these 10 passes undivided to one 
of the poles. Since the second, division is eq.uational the indications 
are plain that the male has the XO condition. But is must not be 
forgotten that the behavior of the microchromosomes is not certain. 
These observations agree fairly well with those of PAINTER (fig. 38) 
which were published in 1919 and 1921. The great differences in the 
number of diploid chromosomes reported by the two observers m no 
doubt to be attributed to the fact that they worked on different families 




Fig 38. Anolis carolinetms (PAINTER, ’21a)— a Spermatogonial metaphase p^te. 
b Preleptotene stage of first spermatocyte, showing two chromatin Mcleoli. e Pro- 
phase with two condensed sex chromosomes, d First spermatocyte division, showing 
precession of compound X. e Metaphase of second spermatocyte with 6 large cteomo- 
somes. f Metaphase of second spermatocyte showing 6 large chromosomes, including 
the fused components of the compound X. 

of lizards. A more significant difference lies in the observation made 
by Painter that in the first spermatocyte metaphases there is always 
a bipartite body which takes its origin in the union of 2 chromosome 
nucleoli during the prophases, goes undivided to one pole m the first 
division, and divides equationally in the second. The bipartite body 
appears to break up into 2 separate chromosomes in the somatic and 
spermatogonial cells, and thus behaves like a compound and miMiple 
sex chromosome. The belief that we are really dealing 
unpaired in the male is made more certain by the fact that 

diploid counts in the female show 2 maerochromosomes more ton in 
the males. Painter like DaloQ experienced difficulty in studying the 
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AVES 

Indications are that in this class also the modern cytological methods 
Drill soon clear up the question of sex chromosomes. The pioneer in the 
Md was Gbyer who in two papers (’09 a & b) on the spermatogenesis 
of the guinea INumidia) and the chicken {Oallus) respectively, reported 
the discovery of an unpaired sex chromosome. In Numidia the diploid 
number as represented by the spermatogonia was given as 17, whereas 
the number in Gaiks was between 15 and 19. In both cases 9 elements 
f8 bivalents + X) were found in the first spermatocyte, and in the 
krst division the sex chromosome was described as going undivided to 
one pole. The secondary spermatocytes thus received either 8 or 9 chromo- 
somes but due to a secondary pairing only 4 and 5 bodies appear there. 
The second division is equational, so that two types of sperms are finally 
formed and Guyee believed that these two types can be distinguished 

GuYEE’s evidence thus indicated that in the birds as in so many 
other animals, the males are heterogametic. However the results of 
breeding experiments a short time after showed plainly that it is the 
female and not the male that is heterogametic in this class. This was 
pointed out by Boeing and Pearl (’14) who in their cytological in- 
vestigation of Ga^to were unable to confirm Gbyer’s findings in regard 
to the X chromosome in the male. In 1916 Gbyer published another 
account of the spermatogenesis of the chicken and made the following 
corrections: The unpaired X he now regarded as a double element, i. e. 
composed of 2 chromosomes. Somatic cells showed that these 2 chromo- 
somes are there separated. The spermatids with only 4 chromosomes 
degenerate, and only those with 6 form normal sperms. Finally, he 
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retracted Ms conclusions on tlie ■ different sizes of sperm and now stated 
that only one type is found. 

' It is clear that with these corrections, the evidence would indicate 
that the males are homogametic. With all due respect to the difficulties 
of pioneer work, this later work of Guyer gives the impression that 
was somewhat hriisquely expressed by P. Hertwig (’23):^ ‘‘Die Arbeit 
macht sehr den Eindruck, als soUten die Beobachtnngen in der ersten 
Veroffentlichung mit den Forderungen der Genetik in Einklang gebracht 
werden.’^' 



I'ig.39. &aUus gallm dom. (BOEING, ’23)- a Miss SWE^S fig^ure of spermatogoni^ 
plate with two large chromosomes {a). (Hanoe, 24) b Somatic plate of mal e, ^ 
two large chromosomes (a), c HANCB’s figure rf somatic plate of female, with o^y 
oL larie chromosome (a). (SfflWAGO, ’24)-if Diploid chromosome complex of mal^ 
including 2 X (or 2 Z). e Diploid chromosome complex of female, including A and i 
A (or Z and W). 
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Both Guyee’s and BOEING and Peael’s investigations plainly 
indicated that the technigne employed was inadequate for the solution 
S the problem. A recent note by BOEING (’23) however brings the 
surprising evidence that as early as 1912 Miss STEVENS had made a 
study S the chromosomes of the chicken and that her results were very 
dose to our more modern findings. Her drawings of the spermatogoma 
show 12 large chromosomes and 20 or more very small ones (fi^. 39a). 
In the first spermatocytes there are usually 6 large and 12 to 

14 smU chromosomes: In addition to these differences in chromosome 
counts, STEVENS apparently also disagreed with GUYER in having been 
unable to find a secondary pairing prior to the second spermatocyte 

d.ivision (iiot6d by BOEiING" 3/nd. PEARli, Id). 

HANCE (^24) reported that he had found 35 to 40 chromosomes m 

the somatic cells of the chicken (fig. 39b & gS 

rf^norted 32 (fiff. 39d cfe e). (It may be remarked here that GUYER ( 16) 
in hL fig 88 shows 33, -without comment.) It is to be noted that both 
STEVENS and HANCE give figures very reminescent of the chromosome 
conditions in reptiles in that beside several larger chromosomes there 
are some very small chromosomes, but that point is not so ^ striking in 
SHIWAGO’s figures. But more significant in the present discussion is 
the fact that Lth HANCE and SHIWAGO found, as had Miss STEVENS, 
that in the males the 2 largest chromosomes form a pair, whereas in 
the females (on which Miss STEVENS did not work) the largest chromo- 
gQjjie — corresponding in size and form to the large ones of the male 
has no equal partner. Regardless of whether the largest chromosome 
in the female has a partner (as SHIWAGO claims), the agreement 
among the different workers on one fact is definite, — the males are 
homozygous and the females heterozygous for the largest chromosome. 
Plainly therefore the indications are that the female is heterogametic, 
although just as in the reptiles a further study of the smaller chromo- 
somes is called for before we can arrive at a final conclusion K 


MAMMALIA 


So much confusing and contradictory work has been published on 
the chromosomes of the mammalia that a consideration of the different 
families in which sex chromosomes have been reported seems warranted. 


MARSUPIALIA 

In several respects the marsupials are more favorable for a study 
of the chromosomes than any of the other mammals. Already in 1906 
BENDA described in the male of Paramefes a “nucleolus” and an “intra- 
nuclear body”. His interpretation is not quite clear and GUTHERZ (’22) 
later was of the opinion that BENDA had been mistaken in his identi- 
fication of these two inclusions. In 1911 JORDAN reported that he 
had found the XO conditions in the males of the opossum {Didelphis 
virginiana), but more recent accounts show that JORDAN was in error 

^ Akkeringa (’27) has just reported 52 as the spermatogonial number. However, 
as far as the sex chromosomes are coucerued neither his nor Hance’s most recent paper 
(’26) adds anything essential to the above conclusions. 
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in tMs as in several other respects. Thus HARTMANN (’19) showed 
that in the maturation of the egg the haploid number of chromosomes 
indicates the fact that Jordan’s estimates of the diploid number in the 
male had been too low. This was followed by a careful analysis of the 
chromosomes in both sexes by PAINTER (’21b, ’22a, ’24a) who showed 




Eig. 40. Macropus mlabaius (Agar, ’23)— a Synizesis stage of first spermatocyte, 
showing no heteropycnosis. 6 Late pachytene stage of first spermatocyte, showing 
condensed XT pair and attached plasmosome (pxy). (Painter, ’25 b, following Agar, 
’23 and GREENWOOD, ’23 in d, e, f & ^)— Spermatogonial plates of c Didelphis. 
d Fhaseolarctus. e 8areopMlm» f Dasyrus. g Macropus. Sex chromosomes in the 
male of % Didelphis. i Eomo. J Macaeus. k Cehus. I Equus. 

that the diploid number is always 22, and that the male has an unequal 
XY pair the members of which pass to opposite poles in the first division 
and constitute the smaEest chromosomes in the set (fig. 12). 

AGAE (’23) and several of his students (GREENWOOD, ’23, ALT- 
MANN & ELLERY, ’25) found some rather favorable material in a number 
of Australian marsupials (fig. 40). The numbers of chromosomes are 
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Lth AGAR and GREENWOOD found plasmosomes a^ l®ast ^ne of w 
is formed from the condensing sex chromosomes. But aside jr®® ^s, 
these recent investigations agree that it is the ma * 
gSetic, and that this condition is expressed through an unequal XY pan. 

EDENTATA 

In 1910, NEWMAN and PATTERSON reported in the armadillo 
Tatu novemdnetum, 31 and 32 as the diploid a^^rs of the ma^^^ 
fomale resnectivelv. The odd number in the male as well as the be 
Sot 5 a? appirently unpaired chromosome during the spermatocyte 
division led them to the conclusion that the male has sex chromosomes 
S the XO twi Oddly enough, NEWMAN two years_ later discussed the 
possibility of a heterochromosome in the female (having found a plasrao- 
Lme like body in the oocytes), apparently disregarding the earlier account 
But both of these earlier papers appear erroneous in the ^ 

PAINTER’S (’25a & b) preliminary studies on the same annual. T-lisse 
seem to shW that both sexes have 60 chromosomes for the diploid 
number (as shown in amnion cells), and therefore it is more hkely that 
the XY condition will be found in the heterogametic sex. 

UNGULATA 

Bos: WODSEDALEK’s account (’20) gives the spermatogonial number 
as 37, one of these being distinctly larger than the others and regarded 
bv him as an X. After pseudoreduction there are 18 bivalents + 1 heart- 
sLped univalent (the X). The latter passes undivided to one pole in 
the first spermatocyte division and divides equationaUy m the second 
(fig. 41). The female has 38 chromosomes, two of them being X chromo- 
somes of the same shape as that of the single X in the male. According 
to WODSEDALEK, these two X chromosomes condense precociously in 
the oocyte prophases just like the single X in the corresponding phases 
of the spermatogenesis. It is worthy of note that WODSEDALEK reports 
here as he had for other mammals in earlier papers, that there is a 
tendency toward a second pairing of chromosomes after the first sperma- 
tocyte division— a point that has long been under dispute. The account 
of MasUI (’19 b) differs from the preceding in several ways. According 
to Masdi the spermatogonia show 33 chromosomes including a single 
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unpaired X, and there is no second pairing. Unfortunately, there is 
only one other account of the chromosomes in cattle. That, published 
in 1901, is by SCHOENPELD who mentions and figures a nuclear in- 
clusion in the spermatogenesis which he calls “corpuscle intra-nucl6aire”. 
The nature of this body is however not clear. The evidence as given 
by WODSEDALEK and Masui indicates that the male is heterogametic 
and has the XO type of sex chromosomes. 

Equus: The figures given by KIRILLOW (’12) indicate the presence 
of a chromosome nucleolus in the spermatocyte prophases, but this ^in- 
vestigator does not consider its possible significance. JORDAN (’ll, 
’12, ’14b) however described two such bodies which later in the pro- 
phases come together to form a bilobed or trilobed X element. In con- 
trast with this account, WODSEDALEK (’14) described an X that arises 











mmmx 


Pig 41. Bos (WODSEDALEK, ’20) — o Spematogonial metaphase showing heartshaped 
sex chromosome, h Pirst spermatocyte division showing split sex chromosome, c Meta- 
phase of second spermatocyte after the so called second pairing. 

from a single chromosome nucleolus. In the first spermatocyte division 
it passes undivided to one pole while in the second it divides ec[uationally. 
WODSEDALEK’ s account receives some confirmation through his own 
study of the spermatogenesis of the mule (’16) as weU as from MASUI s 
account (’19 a) of the spermatogenesis in the horse. In the mule (a 
hybrid from the cross of Equus hj Asinus) WODSEDALEK beheved he 
could recognize the X, similar in shape to that of the horse, m both 
the spermatogonia and the spermatocytes. MASUI confirmed not only 
the presence of an unpaired X in the male of Equus, but also arrived 
at the same counts of chromosomes in the first spermatocytes, namely 
18 bivalents + 1 X. Despite this, PAINTER (;24c) in a very con- 
servative account of the spermatogenesis concluded that previous ob- 
servers had underestimated the diploid number of chromosomes in the 
horse, and that this number is much closer to 60 than to 37 as ^ven 
by WODSEDALEK. Again in the first spemato^ PAINTER fouM 
30 instead of the 19 elements reported by WODSEDALEK and MASUI. 
His more detailed study points to the presence in the male of an unequal 
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XY pair whose members separate and pass to opposite poles in the first 
J)LScvte division. PAiNTEE’s criticism that the technique employed 
b^previoS workers had been inadequate for an accurate determination 
of L conditions seems justified by a comparison of the figures given 
bv them and by himself. But since PAINTEE’s own study is admittedly 
not entirely complete, a conclusion in regard to sex chromosomes can 
not be reached. The chances are that PAINTEE is correct in his 
hypothesis that here as in many other mammals investigated by him, 

the male has an unequal XY pair. , . . . , • 

Ovis: For the sheep we have only JOEDAN’s brief description ( 14b) 
in which he recognizes an X element in the male, tracing it through 
the preparatory phases of the first spermatocyte. Obviously, his account 

does not justify any conclusion. wnnOTnATifK-’o 

Sus: As far as sex chromosomes are concerned, WODSEDALEKs 

two papers of 1913 represent the only attempt at_a complete account. 
According to these, the diploid number as present in the spermatogonia, 
is 18 Of these 2 are sex chromosomes, that is, the X is a compound 
of 2 components. The autosomes form 8 bivalents in the metaphase of 
the first spermatocyte division and these divide normally while the 2 X 
components pass undivided to one pole. Thus the second spermatocytes 
are of two types, 8 and 8 + + But WODSEDALEK reported that 

there is a second pairing at this time with the result that the second 
spermatocytes finally show either 4 elements or 6 elements (the latter 
including the 2 X components). The final division is equational for the 
sex chromosomes. JORDAN (’14b) commenting on WODSEDALEK’s work 
stated that “my material does not confirm his findings that two large 
round nucleoli remain very conspicuous throughout the process of growth 
of the primary spermatocytes”, but in general seemed ready enough to 
abandon his own belief that no sex chromosomes are found in the pig. 
Therefore as matters then stood, the male pig would be heterogametic 
and have an unpaired compound X of two components. But in the light 
of more recent evidence published by HanCE Cl7b), this conclusion can 
not be considered as final. HaNCE found the spermatogonial number 
to be 40, while the first spermatocytes showed 20_. In view of the 
careful technique employed by HANCE a reconsideration of the question 
is called for, since if WODSEDALEK actually erred in his counts as 
much as HANCE’s figures would indicate, very little reliance could be 
placed on the rest of his account. 


CAENIVOEA 

Cams: MALONE (’18) working on several kinds of domestic dogs 
reported 21 chromosomes in the spermatogonia, of which he considered 
one as an unpaired X. After pseudoreduction he observed 10 bivalents 
and the unpaired X, the latter passing undivided to one pole in the 
first meiotic division • and dividing equationally in the second. Con- 
firmatory evidence was found in the counts of the chromosomes in the 
female .which show 22 as the diploid number. MALONE’s figures show 
more or less clumping of the chromosomes and his findings should not 
be regarded as final, especially if PAINTER (’25 b) is correct in reporting 
that the diploid number is really very close to 60 and probably 52. 
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Felis-. A good deal of discussion has been based on the announce- 
ment of VON WlNIWAETEIl and SAINMONT (’09) that an unpaired hetero- 
chromosome is to he observed in the oogenesis of the cat. LONGLET 
(’ll) and VAN DEE STEICHT (’ll) were unable to confirm this finding 
and in 1914 VON WINIWAETEE modified the earlier account by inter- 
preting the body in question as formed by the union of 2 heterochromo- 
somes. At the same time he described an unpaired X in the male and 
thus supported an earlier account of VEJDOWSKY (’09). But GUTHEEZ 
in a series of publications not only opposed VON WlNIWAETEE’s first 
conclusions in regard to the female, but also expressed doubt as to his 
interpretation of the intranuclear body in the male as a sex chromosome 
(’12, ’18a, ’18b, ’20). GUTHEEZ gains some doubtful support from the 
early description of LOEWENTHAL (’88). The uncertainty in the status 
of the problem even now is illustrated by the fact that the diploid 
number of chromosomes was given by VON WINIWAETEE as 36, by 
GUTHEEZ as 38 (in his most recent publication of 1925 he seems in- 
clined to accept slightly higher counts), and by HANCE (’17 a) as close 
to 50 (as shown in a drawing). The question of sex chromosomes in 
the cat must therefore be regarded as unsettled. 

Eerpestes: JOEDAN (’14b) could find no sex chromosome in the 
male of the mongoose. 



RODENTIA 

A great deal of work has been done on the chromosoines of this 
group of mammals, although much of it has no direct bearing on the 
presence and nature of sex chromosomes. Many of the earlier observers 
described or figured in the preparatory phases of the spermatocytes the 
body which later was called “intranuclear body” or “chromosome 
nucleolus”. Thus SANEELICE (’88), LENHOSSEK (’98), LA VALETTE 
ST. GEOEGE (’98), DUESBEEG (’08), and REGAUD (’10) may all have 
seen this body. REGAUD and ALLEN (’18) believed that VON EBENEE 
(’88) had described the intranuclear body prior to any of the workers 
mentioned, but aside from the fact that his figures present no convincing 
evidence that he really made the observation, he himself (’99) stated 
that he had overlooked it in his earlier paper. LUKJANOW (’98) 
described an unequal distribution of chromosomes in the first spermato- 
cyte division of the mouse, but it seems possible^ that he^ may have 
made his observations on abnormal cells. The possible relation of such 
a heterokinesis to sex determination was not recognized by LUKJANOW 
and it was left to McCLUNG to suggest that the accessory-Uke body 
which he had seen in the mouse is identical with _ a similar body in 
insects where it has a distinct influence on sex determination. McCLUNG 
however did not go beyond the mere mention of this possibility as far 
as the mouse was concerned and published no description of the body 
in question. Again, like GUTEE (’10) who claimed to have found a 
corresponding chromosome in the spermatogenesis of the rat, he neglected 
to consider its relationship to the intranuclear body which had been 
described by other observers in the preparatory phases. VEJDOWSKy 
(’09) seems to have been the first to point out that these bodies, one 
seen in division and the other in preparatoiy phases , are possibly 
identical. 
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Mus: It is difficult to decide just how accurate the observations 
of the earlier workers just mentioned were. Indeed as far ^.s the 
mouse is concerned, the question of sex chromosomes is not settled 
even now. JORDAN (’14b) described a heterochromosome in the male 
of Mus musculus and suggested that it might be a double accessory, 
although he was not certain of its behavior during the meiotic divisions. 
YOCOM f’17) like JORDAN found a chromatin body in the prophases of 
the spermatocytes. In metaphases of the first spermatocyte he counted 
20 elSLnts one of which he regarded as an unpaired X derived from 
the chromatin body already mentioned. This sex chromosome he described 
as dividing equationally in the first and passing undivided to one pole 
in the second division, so that the resulting sperms carry either 18 or 
18 + X. But some of the figures given by lOOOM do not support his 
account of the meiotic divisions. Thus his fig. 3, of the first spermato- 
cyte division, may easily be interpreted as showing the X paping 
undivided to one pole, while his fig. 8, supposedly of the second division, 
does not at all demonstrate reductional division of the sex chromosome. 
In short, YOCOM’s account is not convincing. GUTHERZ (22) working 
on the white mouse, concluded that the intranuclear body as it appears 
in the growth stages of the spermatocytes does indeed give rise to a 
chromosomal body in the first metaphase. But this body^ according To 
him does not represent a sex chromosome but an autosomal tetrad, i his 
conclusion has not gone without a challenge and PAINTEE_(’24a) argued 
that GUTHERZ’ s evidence on the actual division stages is entirely in- 
sufficient for such an interpretation. Finally may be mentioned MASUI s 
account (’23) according to which the males have have 40 chromosomes, 
including 2 sex chromosomes. MASUI did not make a complete analysis 
of the divisions but believed that this pair of sex chromosomes represents 
an X and a Y. This conclusion was also reached by Miss COX (’26). 

In the male of Mus sylvaticus, FEDERLET (’19) like GUTHERZ in 
the case of the house mouse, concluded that the intranuclear body of 
the growth stages is identical with a heterochromosome, but hesitated 
to commit himself on its exact nature. . _ 

In the white rat, ALLEN (’18) described an unpaired X which 
makes its first appearance during meiosis in the leptotene stage of the 
first spermatocyrte. In the metaphase it shows a split but ^ passes 
undivided to one pole in this division whereas the second division is 
equational. ALLEN’s conclusion that sperms with 18 and 18 -j- X are 
formed agrees with YQCOM’s conclusions in regard to the house mouse. 
More recently RAU (’25) concluded that the rat has a diploid number 
of 40. long and Mark’s work on the maturation of the egg (’ll), 
which supported TAEANI’s earlier count (’89) of 20 as the haploid 
number in the e^ of the mouse finally makes it seem certain that ail 
these counts are very nearly correct. But the status of the sex chromo- 
somes is not clear. 

LeiiMs: BACHHUBER (’16) without referring to JORDAN’S (’14 b) 
earlier negative evidence, reported that in the prophase of the first 
spermatocyte 2 chromatin nucleoli are distinguishable --usually close 
together. He interpreted these as an X and a Y, and believed that they 
pass to opposite poles in the first division. Although BACHHUBER is in 
general supported by the more recent findings of PAINTER (’26 a & b, 


Systematic review of sex chromosomes 


165 


’26), MASTJI has reported an unpaired X in the male. Indeed it is not 
quite certain that his material justified his conclusions. Thus he gave 
the diploid number as 22 whereas PAINTER reported 44 and MASUI 47 
chromosomes in the male. Therefore while the indications point to 
heterogamety of the male, no final analysis has yet been made. 

Sciurus: Figures given by VAN MOLLE in his account of the 
spermatogenesis of the squirrel show no trace of a heterochromosome. 
JORDAN (’14b) who was specifically looking for sex chromosomes was 
also^ unable to demonstrate them in the male. However neither account 
justifies any conclusion in regard to these chromosomes. 

Cavia: STEVENS (’11b & c) described 2 chromatin nucleoli in the 
prophase stag:es of the spermatocytes. She regarded these as the X 
a,nd Y respectively and found that they passed to opposite poles in the 
first division. The interkinesis shows two types of cells, one having a 
large and the other a small chromatin nucleolus, and these again re- 
present the X and Y. The material proved unsatisfactory for a study 
of the second spermatocyte division but although the evidence is thus 
not complete, it is probable that Miss STEVENS was correct in ascribing 
an XY pair of sex chromosomes to the male of the guinea pig. HARMAN 
and ROOT (’26) have recently reached a similar conclusion in regard to 
the sex chromosomes, but their figures are hardly conducive to con- 
fidence in their interpretations. 

CHIEOPTERA 

In the prophases of the spermatocytes of the bat (probably Vespe- 
rugo) JORDAN (’12) described a chromatin nucleolus which can be traced 
to the first metaphase. At that time it becomes indistinguishable from 
the autosomes. JORDAN considered the possibility that he was dealing 
with a sex chromosome less highly differentiated than in those cases 
where it can be easily traced through the meiosis. His estimate of the 
diploid number of chromosomes as at least 24 does not compare favorably 
with the count given more recently by PAINTER (’25a & b) who reported 
a diploid number of 48 for Nydinomous mexieanm. But it is of course 
likely that this difference may be due to the fact that different species 
are concerned. PAINTER suggests that since all embryos carry this 
even number, it is likely that the males will be found to have an XY 
pair. The high number of chromosomes found by PAINTER finds some 
confirmation in the figure of the chromosomes of a bat (species not 
given) showing at least 40 chromosomes, given by Hance (’17a). 

PRIMATES 

It appears that Painter’s investigations (’22b, ’23b, ’24b) represent 
the only work on the sex chromosomes in the lower Anthropoidea. In 
the males of what PAINTER calls the brown CfefiMS of South America 
the diploid number of chromosomes is given as 54. In the growth 
stages of the primary spermatocytes a chromatin nucleolus was observed, 
but not completely analyzed. 27 bivalent elements are found in the 
first spermatocyte metaphase and one of these stains less intensely than 
the others and is distinguished moreover by the inequality in size of 
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its two components. The latter separate and pass to opposite poles in 
the first division. A detailed study of the second division was not 

^ In the males of the old world monkey Bhesus maecaeus, the diploid 
number is 48, hut the other main features of its spermatogenesis are 
Skal with those given for the brown Cehus. Here PAINTER was 
able to study the diploid group of chromosomes in the female and lound 
it to be composed of 48 with the smaU component of the unequal pair 
not present. In both forms it therefore appears likely that the males 
are heterogametic and have an unequal XY pair of sex chromosomes. 

Homo: As might be expected a great deal of work hp been 
reported on the chromosomes of the human being. No analysis of all 
these investigations is intended here except as they may bear on the 
question of the sex chromosomes. The first account taking up that 
aspect was pubUshed by OUTER (’10) who described 20 autosomes and 
an X of 2 components in the spermatogonia. In the first spermatocyte 
these two X components pass undivided to the same pole while in the 
second they divide equationally. Finally there are two types of sperm- 
atids , one containing 2 chromatin nncleoli and the other none. By 
inference then the female would carry a diploid set of 24 chromosomes 


(20 + 2 X' + 2 X“). , . 

GUTHERZ (’12) like Q-UTER reported 2 heterochromosomes in the 
male but concluded that they did not represent sex chromosomes but 
merely a pair of autosomes that for some unknown reason undergo 
heteropycnosis in meiosis. GUTHERZ’s attitude on this point has been 
consistently maintained by him and he has given a similar interpretation 
to heterochromosomes found in other mammals. 

MONTGOMERY (’12) who used GUYER’s material in part, also 
reported 2 sex , chromosomes in the male. His study led him to the 
unusual conclusion that at least four classes of sperms are formed 


(depending on his belief that only one or else both sex chromosomes 
may undergo the segregation division in either of the meiotic divisions). 

Up to this time the various investigators had reported a diploid 
number of about 24 or less, so that VON WINIWARTER’S results publi- 
shed in the same year as MONTGOMERY’S created some surprise. That 
investigator found that the number of chromosomes in the spermatogonia 
is 47 and that after pseudoreduction there are 24 elements. Since he 
counted 48 chromosomes in the diploid set of the female he concluded 
that the male carries an unpaired X. This account bearing all the 
marks of excellence was deservedly given a great deal of weight, but 
in spite of this JORDAN (’14 b) concluded that the haploid number is 
only 12 or perhaps slightly higher. WIEMAN (’17) also disagreed with 
VON Winiwarter, describing 24 chromosomes in the diploid set which 
includes an XY pair in the male. It is to be noted here that WiEMAN’s 
X is one of the largest chromosomes and the Y only slightly smaller. 
Both divide equationally in the primary spermatocyte division and, 
although direct evidence was not available, probably pass to opposite 
poles in the second. 

It is quite plain at the present time that with the exception of 
VON WINIWARTER none of the investigators just mentioned had 
sufficiently well- preserved material to enable them to arrive at any 
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dependable conclusion. All recent work on the chromosomes of the 
human being makes that fact very evident. In 1921 VON WINIWAETER 
again reported the diploid number of the male as 47 and in this con- 
tention was supported by the work of OOUMA and KIHARA (’22, ’23). 
GROSSER (’21), the excellence of whose preparations is attested not only 



Fig. 42. Eomo sapiens (Painter, ’24 d)— a Late pachytene stage in first spermatocyte, 
showing chromatin nucleolus (c) and plasmosome (p). b Confused stage of first sperma- 
tocyte, with chromatin nucleolus decreased in size, c Early diakinesis in first sperma- 
tocyte. d First spermatocyte division. (Painter, ’23 a ) — e Spermatogonial plate with 
48 chromosomes, the smallest chromosome being regarded as the Y. (Oguma & Eihara, ’23) 
—•/^Spermatogonial plate with 47 chromosomes, showing a large, unpaired X. 

by Ms drawings but also by some photographs (as reported by PAINTER, 
’23 a) counted in the amnion of different embryos close to 47 or 48 chromo- 
somes. GROSSER however was loath to believe Ms own evidence and 
suggested that this number is due to a precocious splitting of a smaller 
number of chromosomes. RAPPEPORT’s counts (’22) caused Mm to con- 
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elude ttot tie diploid BnmlerieprobiMjbelwee» 40 and 44 
(>22) slated that renewed toesilgatou had W W«E to 

is IS the dioloid number (sex not stated) and EVANS (accoiding to 
EABCOCK aM CLAUSEN, ’18, pp. 638) came to the same conclusion in 
study of spermlgonial ceul It Ws seems fairly safe to conclude 

Rit^he'quS^'ofsf cLmosomes has received no final answer 
as vet VON WINIWAETEE as well as OOUMA and KHAEA aie led 
to include that the male has an unpaired X (fig. 42f). Opposed to 
iL Ts EVANS’ statement spermatogonia 

which implies an XY pair, and also all of ,|L^ 

which confirm that conclusion with strong evidence ( 21, 23a, 24d). 
According to PAINTEE, the Y is quite small ^d easily overlooked. 
However PAINTEE was able to trace the unequal XY pair through the 
SJ ^vision and found that these 2 sex chromosomes actually separate 
arthrtime and pass undivided to oppomte poles. The f neral b to 
of the pair is very much like that of the XY pair as PAINTEE has 
found it in various other mammals and especially in 
does not correspond to the chromosomes desenbed by WIEMAN (17) as 
the X and Y, and it seems likely that that investigator was concerned 

During'^thf^o^h stages of meiosis in the male a single chromatin 

nucleolus is present, and this undergoes a , 

densation as the metaphase stage is approached. However m early as 
the later diakinesis phases it becomes difficult to distinguish it Irom 
the condensing autosomes and although it appears very likely that it 
represents the heteropycnosis of the XY pair, the point is not quite 

‘^®"*^'Genetic evidence as published by SCHOFIELD (’21) and pointed 
out by Castle (’21) supports tbe view that the male has aa XI pair 

of sex chromosomes. ^ ^ 

The case may be summed up with the statement that the males 
certainly represent the heterogametic sex and that their sex chiomo- 

somes ie either of the XO or the XY type. Beyond that the weight 
of evidence is not definitely in favor either of the interpretation given 
by PAINTEE, to wit, that there is an XY pair, or that advanced again 
by de WINIWAETEE and OGHMA in 1926, that the male has an unpaired X. 

VERTEBRATA 


Species 

Diploid 
Chromo- 
1 some 
Number 

Meiotic Cbromosomes 
(male, unless otherwise 
stated) 

Remarks 

'■ 'Reference, 

1st cyte 

2nd cyte 

tid 

1. Pisces 
Gamhusia 
holbrodki 

35 or 86 
spg. 

18 

18 


Sex ckromo* 
somes ? 

0E!S1E, ’24 

Lebisies 

reiiculatus 

46 oog. 

28 

28 2 

23 

.. 

No cytologicai 
evidence of sex 
cbromosomes 

' WlNGE ,’22 b 
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, Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Reference 

1st cyte 

2nd cyte 

tid 

Umbra lima 

22 spg. 
20cf soma 

11 

11 

11? 

2 hetero chromo- 
somes? 

Foley ’26 

2. Amphibia 

Neciurus 

mamloms 


12 

— 

— 

X attached to 
an autosome? 

King ’12 

Mam 

esoulenia 

25 spg. 
approx. 

18 

12 

13 

— 

In need of con- 
firmation 

Levy ’15 

Mana 

temporaria 

26 spg. 

13 

13 

— 

Apparently XT 
in males 

WlTSCHI ’23 

3. Beptilia 

Anguis 

fragilis 

19 macro 
+ 24? 
micro 
spg. 

10 macro 
+12 micro 

10 macro 

9 macro 
+ ? micro 

10 macro 

9 macro 
+ ? micro 

Probably XO 

Dalcq ’21 

Anolis 

earolinensis 

12 macro 
+ 22? 
micro 

14 macro 
$ soma 
probably 

5 macro + 
XiX“ + 
11 micro 

5 macro 
+xixn+ 

11 micro? 

5 macro + 
11 micro? 

! 5 macro 

+ ? micro 

5 macro 
+? micro 


Painter ’19, 
’21a 

Ghrysemis 

marginata 

— 

— , 


— 

Shows bipartite 
body in 
spermatocytes 

Jordan ’14 

Cistudo 

Carolina 

__ 



— — 

Shows bipartite 
body in 
spermatocytes 

Jordan ’14 

Cnemido- 
phorus gu- 
laris 

— 

13 macro 
+ 7 micro 



Probably X^X^ 
to pole in 1st 

Painter ’21a 

CrotapJiytus 

coUaris 

12 macro 
+ ? micro 

6 macro 
+? micro 

— 

— 

Probably X^X^ 

Painter ’21a 

Holbroolcia 
' Uxana 

12 macro 
+? micro 

5 macro 
+ 

+ ? micro 

5 macro 
+ XiX« 
+ ? micro 

5 macro 
+? micro 

5 macro 
+ X^X“ 
+ ? micro 

5 macro 
+ ? micro 


Painter ’21a 

Thamnophis 

Uiileri 

37 spg. 

18 

18 

19 

— . ■ 

Possibly an 

x^xiiy 

Thatcher ’22 

Sceloporus 
undulaius 
var. eonso- 
brinus 

12 macro 
+18 micro 

5 macro 
. + 

+ ? micro 

5 macro 
+ XiX« 

1 +? micro 

5 macro 
+ ? micro 



Painter ’21a 




1 


1 
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Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Eemarks 

Reference 

1st cyte 

2nd cyte 

tid 

Sceloporus 

spinosus 

12 macro 
-f- 10 mi- 
cro spg. 

14 macro 
-f-? micro 
$ soma 

6 macro 

5 micro 
= 5 macro 
+ 

-}-? micro 

5 macro 
+ XJX« 

? micro 

5 macro 
-j- ? micro 



Paintee ’21a 

Uta ornaia 

12 macro 
-j-? micro 

5 macro 
+ X^X^ 
4"? micro 

5 macro 
4-XJX« 
4" ? micro 

5 macro 
“|- ? micro 



Paintjer ’23a 

4. Aves 
Columha 
lima dom. 

61 &62 
embryos 
62 spg. 

31 

31 

— 

7iO in female 

1 Oguma ’27 

Gallus 
gallus dom. 

32—40 
spg. and 
embryo 

18—20 



ZO or WZ in 
female 

Akieeinga 

’27 

G-uyee ’16 ' 
Boeing ’23 
Hance ’24, 
’26 

Shiwago ’24 

Numidia vne- 
lagris dom. 

17 spg. 

9 

TT 

15 

Thought XO in 
male; probably 
not correct 

Gtjyer ’09 a 

5. Mam- 
malia 

A, Mar- 
supialia 
Dasyurus 
maculatus 

14 spg. 



— 

' 



Greenwood 

’23 

Didelphis 

virginiana 

22 spg. 
22$ soma 

lO+XT 

10 + x 

10-l-T 

104 -x 

10 + Y 


Hartmann . 
’19 

PAINTER’22a,' 
’24 a 

Jordan ’ll 

Macropus 

ualabatus 

11 or 12 
spg- 

10 (=12) 
$ soma 

5 + XY 

54-X 

5 + y: 

5 “j- X ■ 

5 + Y 

XY attached to 
autosome; , 

Agar ’23 ,, 

Fetauroides 

volans 

21 spg. 

— ■ 

— 


Presence of XY 
in male not 
certain/; 

Agar ’23 

Fhascolarctus 

dnereus 

16 spg. 
16$ soma 

7+X+Y 

■ 7-j-X 
7-1-Y 

74-X 

7 + Y 

■ — — . 

Greenwood 
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Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 

1st cyte 

2nd cyte 

tid 

Phaseolomys 

miichdli 

— 

6-f XY 

— 


X and Y to- 
opposite poles 
in 1st 

Altmann & 
Ellery ’25 

Foioroiis 

iridactyla 

12 spg. 

129 soma 

5 + XY 

5- 

5- 

-X 

-Y 

5- 

5- 

-X 

-Y 

~ 

Altmann & 
Ellery ’25 

FsmdocMrm 

peregrinus 

20 spg. 
209 soma 

9 + XY, 

9 + X 

9 + Y 

— 

2nd division 
equation al for 
sex chromosomes 

Altmann & 
Ellery ’25 

Sarcophilus 

ursinus 

14 spg. 
149 soma 

— 

__ 

__ 

XY to poles 
in 1st 

Greenwood 

’23 

Triehosurus 

vulpecula 

20 spg. 

20 9 soma 

9 + XY 

9- 

9- 

f-X 

-Y 

9- 

9- 

f-X 

-Y 

— 

Altmann & 
Ellery ’25 

B. Edentata 
Taiu novem- 
cincium 

60 amnion 

— 



Probably XY 
in male 

Painter 
’ 25 a, ’25 b 
Newman ’12 
Newman & 
Patterson 
’10 

C. IJngulata 
Bob taurus 

as oog. 

87 spg. 

— 

— 

— 

XO in male? 
Coimts not final 

WODSEDALEK 

’20 

Masui ’19h 

Equus 

eaballus 

60 spg. 

30 



XO or XY 
in male 

Counts not final 

WODSEDALEK 
’14, ’16 
Masul ’19 a 
Painter ’ 24 c 

Ovis aries 

— 

— 

— 

— 

XO in male? 
Not certain 

Jordan ’14 b 

Sus scrofa 

40 spg- 

20 



WODSEDALEK 
reported 
unpaired X^X^^ 
for the male. 
Questionable 

WODSEDALEK 
’13a, ’13b 
Jordan ’14 b 
Range ’17 b 

D. Carnivora 
Oanis : 
familiaris 

50 at leasi 
amnion 

: — 

— 

— 

Unpaired X^X^* 

(Malone) or 
XY (Paintee) 

Malone ’18 
Painter ’25b 

Felis 

dommiica 

50 approx 
embryo 




XO in male? 

v. Winiwar- 
ter & Sain- 
mont ’09 
Range ’17 a 
Gutherz ’25 
V. Winiwar- 
ter ’14 
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Species 

Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 
(male, unless otherwise 
stated) 

Remarks 

Reference 


1st cyte 

2nd cyte 

tid 




E. Eodentia 

Mus 

musculus 

40 spg. 

20 , 

20 

1 

1 

- 

Probably XY 
ia male 

Cox ’26 

Yocum: ’17 
Gutherz ’22 
Mas 01 ’2H 
Jordan ’14 b 


Mus raiius 

37 spg. 
37c;f soma 

18 + X 

18 i 

18 + X 

— 

In need of 
confirmation 

Allen ’18 
Long &M' ARK 
’ll 


Mus 

sylvaiieus 

— 


— 

— 

1' hetero- 
chromosome? 

Federley 

’19 


Lepus 

mnimlus 

44? 

amnion 




Probably Xi 
in male 
but Masui 
thinks XO' 

Bachhuber 

’16 

Masui ’23 
Painter 

2o a, 2ob 

, 

Gavia 

cobaya 

56 spg. 
probably 

28 



XY in male 

Stevens 
’ lib, ’lie 
Harman 
& Boot ’26 


E. Cheiro- 
ptera 

Yesperugo? 

1 

] 

40 ? spg. 

-- 

' -- 


XO or XY in 
male 

Jo;e:dan ’12 
Hance ’17 a 


Nyctommus 

mexicam 

48 amnion 


' — ' ^ 

— ■ , 

XY in male 

Painter 
’ 25 a, ’25 b 

' 4 .<i 

1 1 j 

Cr. Primates 

Brown Cehus 

54 spg. 

26-f-XY 

26 + X 
26 + T 


■■■ ■ : 

Painter 
^’ 22 b, ’23 b, 
’24 c 

i 

Homo 

sapiens 

48 spg. 

48 em- 
bryo 

23+ XT 

23 + X 
23 + T 

i 

V. WlHIWARTEE 
and Oguma and 
llHARA think 
male = XO 

Y. Winiwar- 
ter X Cguma 
’26 

V. Winiwar- 
ter. 42, ‘21 
Painter 
’21 b, ’23 a, 
’24 d' 

Oguma Nr 
.Kihara '22, 
’23 


Bhesus 

maeacus 

48 spg. 
480? some 
48$ somg 

23+ XT 

L ' 

i . ■ ■ 

23 + X 
23 + T 

— 

■ "" — ■ 

Painter 
’ 22 b, ’23 b, 
’24 c 
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PLANTS 


Although experimental evidence established many years ago that 
in most plants the male represents the heterogametic sex (CORRENS, ’07 ; 
DOUIN, ’09; SHULL, ’10, ’ll; BAUR, ’12), no definite demonstration of 
sex chromosomes was made until 1917. It is true that CARDIFF (’06) 
described a heterochromosome in Salomonia hiflora, but that plant is 
hermaphroditic or monoecious and even if Cardiff’s observations are 
perfectly correct the chromosome in question is probably not a sex 
chromosome. Again, in 1911 NAWASCHIN described in Tradeseantia 
a chromatin nucleolus and pointed out its resemblance to the sex chromo- 
somes that had been described in many animals. But here too there 
now seems little doubt that he was not dealing with a sex chromosome. 

Darling’s reports of a “difference in the chromatin substance in 
half the nuclei” of Acer has been shown to be erroneous by both 
MOTTIER (’14) and TAYLOR (’20). Negative evidence on the other hand 
was reported by STRASBUEGEE (’09, ’10) and SYKES (’09), whose 
attempts to find sex chromosomes in a number of plants proved un- 
successful. 

Thus ALLEN (’17, ’19) was the first to show that sex chromosomes 
are certainly present in some plants. He found that in Sphaeroearpus 
donnelUi the female gametophyte carries 7 autosomes and a large X 
chromosome, while in the male gametophirte there are seven autosomes 
and a small Y. The diploid group of the sporophyte showed that there 
also the large X can be recognized, but it was not possible to distinguish 
the Y from the autosomes. A corroboration of these findings in Sphaero- 
earpus texanus was published by SCHACKE (’19). Finally, Loebber (’27) 
has confirmed these accounts and given additional evidence. 

More recently sex chromosomes have been reported by various 
investigators in a large number of plants (fig. 43). In the phanerogams, 
such chromosomes were first described in Modea by SANTOS (’23, ’24). 
He reported in the male sporophyte about 48 chromosomes, including 
one unequal pair. No such unequal pair could ever be found in the 
female sporophyte. Although SANTOS felt justified in assuming that the 
unequal pair represents an X and Y, he did not commit himself in 
identifying either member of the pair as the X or the Y. 

Rather more unusual conditions were described by Kihara and 
ONO (’23a, ’23b) in Bumex acetosa. In the diploid cells of the male 
they reported 15, while in the female they found only 14 chromosomes. 
In the heterotypic division of the pollen mother cells are found 6 auto- 
some bivalents and a sex chromosome group of 3 chromosomes. The 
largest of the latter goes to one pole while the other two chromosomes 
go to the opposite pole. Since the bivalents divide normally, there are 
formed two daughter groups with 7 and 8 chromosomes respectively. 
The evidence therefore seems complete that here there is one of the 
very rare cases of a compound Y. SINOTO (’24) who reinvestigated this 
plant, reported that Kihara’s and ONO’s general conclusions are correct, 
but thought that some of his own figures suggested the possibility that 
the large and one of the smaller sex chromosomes may on rare occasions 
go to the same pole. Finally, MEURMAN (’25) has confirmed KlHARA’s 
and ONO’s findings in fhyrsiflorus, but indicated that in Bumex 

11 ’^ 
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Fi^r* 43. Plants. (Bel A.R, ’24a) — JSJWea gigmtea (after Santos), a Diakinesis and 
b Metaphase of first meiotic division in male Q = large autosomal pair). ^Ewmx 
aceiosa (after Kihara & Ono). c Sex chromosomes from metaphase of first meiotic 
division in male, m' = X, mm = Y. Two metaphases of equational meiotic 
division, showing 7 and 8 chromosomes respectively. Mumulus lupulus (after WiNGE). 
e Side view of first meiotic division in male, showing unequal XY pair. Mumuim 
(after WiNGE). /’Same as e. Ta/toena (after W INGE). ^ Meta- 

phases of equational meiotic division in male, showing 8 and 8 plus X respectively. 
Mdandrium album, i (after WiNGE) Side view of first meiotic division in male, 
showing unequal XY pair, k L (after BLackburn) First meiotic division in male 
and female respectively, only the former showing unequal chromosome pair. 


Systematic review of sex chromosomes 


165 




I 


acetosella a X X Y condition may obtain. His proof for the last named 
case IS however not complete. Evidence for such a compound X has 
also been reported for two species of Pellia by Lorbeer (’ 27 ). 

Little more need be said in regard to several other plants in ivhich 
sex chromosomes have been found. In some cases, as for instance Me- 
landnum, some difference of opinion exists as to whether the larger or 
the smaller of the sex chromosomes in the male represents the X. 
WINGE (’23 b), without investigating the female cells assumed the larger 
of the unequal pair to represent the X, but Miss BLACKBURN (’23, ’24) 
on the basis of an examination of both male and female cells came to 
the conclusion that it is the smaller chromosome in the male that is to 
be identified as the X. HEITZ (’26) and MEURMAN (’25 b) are inclined 
however to agree with WINGE. Mention should be made also of the 
fact that Belar (’ 26 ) was able to give a cytological demonstration of 
a conclusion that had already been reached on genetic evidence,— that 
hermaphroditic plants of Melandrium are basically male and carry an 
XY pair just like true males. The difference in size between the X 
and Y of Melandrium is so great that it must ever remain a puzzle 
how so astute an observer as STRASBURGER could have overlooked 
these chromosomes when he investigated the plant for sex chromosomes. 

Of considerable interest, especially in connection with the origin 
of polyploid forms, is the discovery made by HARRISON (’26), that in 
several polyploid species of Salicaceae only one pair of sex chromosomes 
is present. 

A more intense study of the growth stages preparatory to meiosis 
seems called for in future investigations of sex chromosomes in plants. 
The danger of identifying every heterochromosome as a sex chromosome 
is just as great in plants as it is in animals and it is to be hoped that 
this tendency will be checked by a study of the homogametic individuals. 



Diploid 

Chromo- 

some 

Number 

Meiotic Chromosomes 



Species 

Dia- 

kinesis 

Results 
of 1st 
division 
(Hetero- 
type) 

Results 
of 2nd 
division 
(Homo- 
type) 

Remarks 

Reference 

Cannabis 
saiiva („To- 
diego“ race) 

20 c? 

20 $ 

9 + XY 

9 + X 
9-f Y 

9-l-X 

9 + Y 

McPhee was 
unable to find 
sex chromosomes 

Hirata ’24 
McPhee ’24 

Dloscorea 

sinuata 

36 c? 
approx. 

17 -fX? 

17 -fX? 
17 ? 

17+X? 
17 ? 

Not certain of 
numbers or sex 
chromosomes 

Mexjrman 
’ 25 b 

Jorgenson 

’27 

Elodea 

canadense 

48 c? 

48 $ 

23-f XY 

23 H 
23 H 

hx 

HY 

23 +X 

23 + Y 

' . ~ ■ j 

Santos ’23, 
’24 

Elodea 

gigantea 

^o 
00 00 

'23 + XY 

28 + X 

23 + T 

28 -[-X 

23 + Y: 

, — 

Santos ’23, 
’24 



Elodea 

gigantea 


48 c? 
48 $ 


Santos ’23, 
’24 
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Species 

Diploid ■ 
Chromo- 
some 

Number 

Meiotic Chromosomes 

Remarks 

Reference 

Dia- 

kiaesis 

Kesults 
of 1st 
division 
(Hetero- 

type) 

Results 
of 2iid 
division 
(Homo- 

type) 

Humulus 

japonicus 

sod’ 

20 9 

9 + XY 

9+X 

9~fY 

9 + X 

9 + Y 


Wjnge 

Hum.ulus 

lupulus 

20 cd 

20 9 

9 + XY 

9 + X 

9 + Y 

9 + X 

9 + Y 

— 

WlNG-E ’23 

Melandrium 

(Lychnis) 

album 

24 cf 

24 0 

11 + XY 

11 + X 

11 +Y 

ll+X 

11-1-Y 


Heitz ’25 
Belae ’25 
Blackburn 
’ 23, ’24 
WiNGE ’23 
Meurman 
’ 25 b 

Melandrium. 

(Lychnis) 

rubrum 

24 cf 

24 9 

11 + XY 

11 + X 
il + Y 

11 + X 

11 + Y 


Meurman 
’25 b 

Blackburn 
’24 . 

Pellia 

fabbroniana 

16 

7-fXi 

-fX” 

or 

7+XiXi^ 

7 

7 + Xi 


. Lorbeer’s 
figures not con- 
clusive on be- 
. havior of Xi and 
XII pj-ior to first 

LORBEER ’27 

Fellia 

neesiana 

16 

7+Xi 
+ X« 
or 

7-fXiXii 

■ 7 

7+ XI 
:+X» 


Lorbeer’s 
figures not , con- 
clusive on be-^ 
havior of X* and 
■XII prior to first 

Lo,RBEER ’27' 

Populus 

balsamifera 

38 cf 

38 9 

19 

18 + X 
probably 
18 + Y 
probably 


Blackburn & 
Harrison give 
diploid number 
as 76 

SIEURMxVN 
’25 b 

Blackburn & 
Harrison ’24 

Fopulus 

simoni 

38 c? 

38 9 




Extent of .pair-, 
ing is variable. 
Two betero- 
cbromosomes 
.present 

MEUR^I'AN . 

’25 b. 

Fopulus 

tremula 

38 c? 

38 9 

19 

19 

, 

Possibly sex 
chromosomes , 
■present' 

Blackburn 
■ & Harrison 
’22,. ’24 

Fopulus 

tricJiocarpa 

■ 

19 

18 + X 
probably 

probably 



Meukman 
’ 25 b 

Biccia 

bischoffi 

16 

8 : 

8 


Probably an XT 

.Lorbeer ’27 

Biella 

helicophylla 

14H-X 
+ Y , 

t+XY 

7 + X 
74-Y 


— 

Lorbeer ’27 
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Species 


Meiotic Chromosomes 

1 

Remarks 

Reference 

Diploid 

Chromo- 

some 

Number 

Dia- 

kinesis 

Results 
of 1st 
division. 
(Hetero- 

type) 

Results 
of 2nd 
division 
(Homo- 
type) 

Bumex 

acetosa 

15 cT 

14 $ 

6 + * 
XTTi I 

6- 

6- 

-X 

-Yi 

-Y« 

6 + X 

6 + Yi 
+ Y« 


KlHi\JR,A & 

Ono ’23 a, 

’23 b 

SiNOTO ’24 

Mumex 

aeeiosella 

— 

20 1 20 ? 

|21? 

— 

Possibly X^X^^Y 
in male 

Meheman 
’ 25 b 

Mumex 

thyrsiflorus 

— 

6 + 
XYiY« 

6- 

6- 

f-X 

-Yi 

fYH 

— 

~ 

Meurman 
’ 25 b 

8aUx 

aurita 

76 cf 

76 $ 

38 

38 

— 

Possibly XY in 
male. Frequent 
irregularities in 
2nd division 

Blackburn 
& Harrison 
’24 

Harrison ’26 

8alix 

cimrea 

76 c? 

probably 

76 9 
probably 

38 

38 

— ■ 

Possibly XY 
in male 1 

Blackburn 
& Harrison 
’24 

Harrison ’26 

Salix 

lueida 

70 + c? 

38 

j 

— 

Possibly XY 
in male 

Harrison ’26 

Salix \ 

viminalis 

38 c? 

38 9 

19 

19 9 

19 


Possibly sex 
chromosomes 
present 

Blackburn 
& Harrison 
’24 

Sphaero- 

carpus 

donnellii 

16 , 

— 

7+X ■ 

7 + y- 

7 + X 

7 -\-Y 

— 

Allen ’17^ 

’19 

LoRBEER ’27 

Sphaero- 

carpus 

ter^'esiris 

144-X 
+ Y 

7-f XY 

7 + X 
7+Y 

— 

— 

Lorbeer’ 27 

Sphaero- 

carpus 

texanus 

16 

— 

7 + X 
7+T 

7+X 

7+Y 

— , 

SCHACKE ’19 
Lorbeer ’27 

Urtica 

dioica 

— 

24 

probably 


— 

Two hetero- 
chromosomes in 
male 

Meurman 
. '■ ’25b ' 

Valeriana 

dioica 

— 

8 

8 

— 

Possibly XY 
in male 

Meueman 
. ’25 b 

Yallmneria 

spiralis 

- 

— 

8 + X? 

8 

— 

Jorgenson 
found no sex 
chromosomes 

Winge ’23 
Jorgenson 
’27 
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bee— see Apis 
beetles — see Coleoptera 
behavior of sex chroniosome 7 
BeLAR 165, 166 
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Cacaecia 132, 134 
Caliipes 137 
Callipbora 26, 106, 107 
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Cerastipsocus 96 
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26, 28, 30, 40, 82, 105, 113, 151, 153 
chromosome special 6 
chromosome vesicle 8, 9, 79 
chromosome X 6 
Chrysemis 159 
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Chrysomela 100 
Cicada 21, 22, 130 
Cicadidae 127, 129 
Cicadellidae 127 
Gicindela 22, 98, 99, 103 
Cidaris 139—141 
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Clastoptera 130 
CLAUSEN 158 
Ciinocephalus 86 
Cnemidophorus 159 
Coccidae 131 
Coccinellida 100 
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Columbella 70, 71 
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compound Y chromosome 126, 163, 164 
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conjugation 11, 20, 39, 40 
CONKLIN 158 
Conocephalus 91 
Conorhinus 31, 114, 121 
Contracaecum 32, 35, 87, 64, 66 
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COOK 132, 134, 135 

Copepoda 72 

Coptocycla 100 

Coreidae 110—112, 115 

Coriscus 118 

Corizus 116 

Cormopepla 119 

corpuscle intranucleaire 151 

COEKENS 163- 

Corrodentia 94, 95 

Corynocoris 116 

Cotalpa 100 

coupling 32—35 

COX 154, 162 

Creseis 68, 70 

cross (interracial) 52 

crossing over 35, 41, 43, 104 

Crotaphytus 159 

Crustacea 71 — 75 

Cruzia 66 

ctetosomes 138 

Culex 105, 107 

Cybister 97 

Cyclops 72, 74 

Cylene 100 

Cymus 118 

cytoplasm 56, 59 

Dactylotum 86 
DALCQ 144, 145, 159 
Daphnia 47, 72 
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Dasyllis 104, 107 
Dasyurus 149, 160 
Datura 28, 58 

DAVIS 9, 26, 79, 85-87, 92 

DEBAISIETJX 98, 100 

Decticus 42, 91 

DEDEREE 21, 132, 134 

deficiency 24, 30, 44, 45 

degeneration 10, 19 

DEMOLL 68 

Dermaptera 93, 94 

Deromya 107 

Diabrotica 20, 29, 100 

diagnostic characters 15 

diakinesis 11 

Diaptomus 72, 73, 75 

Didelphis 26, 40, 41, 148, 149, 160 

Diedrocephala 130 

Diestrammena 91 

differential chromosome 6 

differentiation between X and Y 18 

diffusion 15 

dimorphism (of egg size) 49 
dimorphism (of sperms) 37, 38 
Dinophilus 47, 49 
Dioscorea 165 
Diplocodus 114, 121 
Diplopoda 76 
diplotene 11 * 

DIPPEL 43 
Diptera 104—109 


Dissosteira 86 
Dixippus 92 
dog— see Canis 
Dolomedes 137 

DONCASTER 7, 21, 45, 132-135 
Doryphora 100 
DOTFIN 168 

Drosophila 28, 34, 35, 41—45, 50, 53, 55, 
58, 104, 105, 107, 108 
DUESBERfi 153 
Dugesiella 137 
Dytiscus 98, 100 

von Ebener 153 

eccentric chromosome 6 

Echinodermata 138—141 

Echinus 138, 141 

Edentata 150, 161 

EDWARDS 61,^ 63, 65 

Elasmohranchii 142 

Elater 100 

ELLERY 149, 161 

Ellychnia 101 

Eiodea 163—165 

Enchenopa 24, 40, 127, 129, 130 

Encoptolophus 86 

Entilia 130 

Entomostraca 71, 72 

environmental effects 42, 50, 55, 140 

enzymes 51, 52 

Epeira 136, 137 

Epicauta 101 

Epilachna 101 

equational division 11, 13 

equational split 9, 11, 13 

Eqnus 37,' 149, 151, 161 ■ 

Eremnus 86 
Eristalis 104, 108 
Euchroma 101 
Eucidaris 139 — 141 
Euphoria 102 
Eurygaster 119 
Eiischistus 20, 119 
Euthoctha 116 
Euvanessa 132 
EVANS 158 

experimental work 42, 50 


Fasciolaria 69 -71 
FASTEN 73—75 
FAUST 39 

FEDERLEY 56, 154, 162 
Felis 22, 153, 161 
female determiner 48 
FICK 24 
Pilaria 66 
fishes— see Pisces 
Pitchia 31, 114, 121 
fixation 16, 142 
Plemming’s fixative 142 
Plemming’s triple stain 16 
flies — see Diptera 
POGLER 129, 130 
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EOLEY 143, 159 
FOOTE 5, 6, 22, 115, 119 
Forficiila 36, 93, 94 
fowl — see Galins , 
fragmentation 106 
frogs— see ...Annra 
FEOLOWA 63, 65, 128 ' 

Fiilgoridae 127, 129 
Fumea 21, ,133, 134 

Oalerita 101 

CTalgnlidae 111, 112, 117 
Oalgnlns 22, 111, 117 
Galins 37, 146, 160 
Gambusia 143, 158 
Gammarns 74, 75 
.gametes 7, 15, 37, 46 
Ganguleterakis 31, 66 
GETNITZ 64, 65 
GEISER 143, 158 
Gelastocoris 22, 32, 111, 117 
GELEI 25 

genes 42, 44, 50—59 
genic balance 53—55, 58 
GERAED 86 

GOLDSCHMIDT 46, 51, 52, 56, 59 

GOLDSMITH 22, 26, 97-99, 103, 122 

Golgi bodies 49 

GOODEICH 35, 37, 64, 65 

GOEDON 8, 142 

...GRANATA' 88 ^ '.'.I 

grasshoppers— see Orthoptera 

GREENWOOD 26, 149, 160, 161 

GROSS 4, 5, no, 114, 117, 121 

GROSSER 157 

growth stages 8, 39 

Gryilidae 82 — 84, 90 

Gryilotalpa 35, 82—84, 90 

Gryllns 22, 82, 90 

GTJIEYSSE-PELLISSIER 63, 65 

guinea hen — see Numidia 

guinea pig— see Cavia 

GULIG,K 22, 66, 67 

GtNTHERT 100 

GUTHERZ 10, 22, 24-27, 82, 90, 142, 
148, 153-156, 161, 162 
GUYER 37, 146—148, 153, 156, 158, 160 

H.AECKER .48, 74 
Hadrotettix 86 
Haltica 97, 101 
Haminea 68, 70 

HANCE 32, 38, 142, 147,' 148, 152, 153, 
..155,160,161 
HANIEL 32 ; . 

.. haploidy 50, 57—59 
HARMAN 88, 155, .162 
. Harmostes 116 
. HARRISON 165—167 • 

HARTMANN '88, 89, 149, 160 
HARYET (see also BROWNE) 59 
'HAYDEN. 16' ". 

HEBERER 73 ■ 

■ HEFFNER 138, 139, .141 


HEITZ 166 
Helix 67, 68, 70 

Hemiptera 11, 16, 20, 22, 26, 35, 40, 
109-131 

HENDERSON 98, 100 
HENKING 2, 22, 97, 99, 114, 121 
HERLA 63 

hermaphroditism 23, 49, 60, 68, 95, 131, 143 

Herpestes 153 

Hersilia 72, 73 

HERTWIG, P. 147 

HERTWIG R. 46, 51 

Hesperotettix 33, 34, 81, 86, 87 

Heterakis 22, 66 

heterochromosome 6, 25, 27, 59 

Heterocope 73, 74 

heterogamety 7, 8 

heterokinesis 35, 42, 98, 99 

heteromorphic autosomes 17, 19 

Heteroptera 109—123 

heteropycnosis 8, 9, 11, 18—25, 28, 34, 36 

heterozygosity 24. 

HINDERER 140 

Hippiscns 3, 87 

Hipponoe 139, 141 

HIRATA 165 

history 1—5 

HOGBEN 90, 146 

Holbrookia 159 

HOLMGREN 97, 102 

Homo 20, 37, 57, 149, 156—158, 162 

homogamety 7, 8, 20 

Homoptera 123—131 

HONDA 129 

hormones 55 

horse — see Eqnns 

HOY 100, 101, 115 

HUETTNER 107 

HUGHES-SGHRADER 50, 58, 103 
hnman — see Homo 
Hnmnlus 164, 166 
Hyalea 70 
Hyalocylis 70 
hybridization 36, 151 
Hydrometra 112, 117 
Hydrometridae 112, 117 
Hydrophiins 101 
Hydro trechus 118 
HYMAN 69—71 
Hymenoptera 32, 58 


Icerya 50, 58 
Ichnodemns 118 

identification of sex chromosomes 18 
idiochromatin 46 
idiochromosome 6 
index 86 

index hypothesis 48 
Insecta 39, 78—135 
interkinesis 15 
intersex 52, 53 

intranuclear body 148, 153, 154 
Isoptera 96 
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Jamaicana 91 
Janns green 16 
Jassidae 127, 129 

JORDAN 92, 93, 144, 148, 149, 152- 
159-162 
JORGENSON 165 
JUNKER 23, 48, 50, 95, 96 

haryoplasmic ratio 46—48, 51 
kaiyosome 16 

karyosphere 16, 22, 26, 75, 76 
KAUTZSCH 63, 65 
KEUNECKE 104, 106—109 
KIHARA 30, 157, 162—164, 167 
king, H. B. 34, 143, 159 
king, R. L. 88, 91, 92 
KIRILLOW 151 
KLEINERT 67 

KORNHAUSER 24, 40, 41, 50, 72-74, 
129—131 
KRONING 66, 67 
KRtiGER, E. 64, 66 

Kruger, p. 71 

KtiHN 71 
KUHTZ 67 

KUSCHAKEWITSCH 69—71 

Lacertilia 30, 31 
Lachnosterna 101 
Lachnus 128 
lagging 8, 35, 42, 131 
LANDAUER 140 
Largus 114, 121 

la yalette St. George 153 

Lebistes 57, 142, 158 
Lecanmm 127 
LEFEYRE 95, 96, 115 
Lema 101 

length of sperms 37 
LENHOSSEK 153 

Lepidoptera 6, 7, 21, 42,, 52, 54, 
182 — 135 
Lepidosiren 40 
Lepisma.31, 78, 79 
Leprpnia 130 

Leptinotarsa 22, 98, 99, 101, 103 

lieptocoris 110, 116 

Leptogaster 108 

Leptoglossus 116 

Leptophyes 19, 84, 91 

Leptynia 3, 33, 92 

Lepns 1.54, 162 

lethals 45, 58 

Leucophaea 90 

levy 143, 159 

Lewis 86 

Libellula 96 

Limnotrochus 118 

Limoneus 101 

Lina 101 

Lindner eo, ei 

Jinin 26, 27 ' ^ 

Listotrophus 101 


Litliobius 76, 77 
lizard— see Reptilia 
Locusta 12, 19, 84, 91 
Locusticlae 3, 8, 84, 91 
LOEWENTHAL 1, 153 
. LONG 154, 162 
LONGLEY 153 
LOEBEER 163, 165—167 
Lucia 104, 108 
LURJANOW 1, 153 
LUTMAN 169 
Lychnis 166 
Lycia 134 
Lycosa 136 
Lygaeidae 112, 118 
Lygaeus 9, 10, 12, 40, 118 
Lygus 115 
Lymantria 56 
Lytechinus 138, 139, 141 

Macacus 149 

Me CLUNG 3, 4, 6, 7, 11, 33, 79, 81, 84-89, 
91, 92, 95, 115, 132, 153 
Me GILL 4, 95, 96, 115 
Me PHEl 165 
macrochromosomes 144, 145 
Macropus 149. 160 
Maevia 137 
Malacostraca 75 
male determiner 48 
male ovary 23 

Malone 37, 152, loi 

Mammalia 15, 36—39, 148—158, 160-162 

man — see Homo 

Mantidae 84, 92 

Marcus 64, 65 

Margus 116 

Mark 154, i62 

Marsenia 70 * 

Marsupialia 26, 148—150, 160, 161 
MASUI 150, 151, 154, 155, 161, 162 
MATSCHEK 72,'74, 75 
mayor 43 

m chromosomes 17, 20, 35, 68, 110 
measurements of sperms 15, 37 
Mecostetlms 87 
MEDES 76, 77 ■ 

Meek 85— 87, 90, 92, 94 
meiosis 8—15, 34 
Melandrium 164— 166 
Meianoplus 2, 87 
Membracidae 127, 129 
Mendelism 48 
Menexenus 92 
Mermiria 33, 34, 87 
metabolism 46 
metapliase 11 

Metapodias^ 20 , 28, 29, 36, ol, 55 , 110 , 

Metz io4— io9 
MEUEHAN 163, 165—167 
ME?ES 66 
Miorocentmm 91 
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microchromosomes 144, 145 

Mineiis 120 

minute— n 50 

mitochondria 25, 48, 126 

modified chromosome 6 

MOHR 8, 11-14, 19, 26, 42, 45, 82, 84, 91 

van MOLLE 155 

Mollnsca 67 — 71 

mongoose— see Herpestes 

monkey— see Primates 

monosome 6 

MONTGOMERY 2-4, 6, 10, 16, 26, 39, 48, 
89 , no, 112—123, 136, 137, 156 
MOORE 81, 82, 90, 142 
MORGAN, L. V. 34, 43 
MORGAN, T. H. 5, 6, 23, 31, 51, 124—126, 
128, 129, 132 
Mormidia 120 


morphology 7 
MORRILL 115—117 
MORSE 26, 82, 90 
mosses 54, 163 
moths— see Lepidoptera 
MOTTIER 163 
mouse — see Mus 


mule 151 
MELLER 43—45 
MtrLLER-CALB 71 
MELSOW 15, 37, 61, 65 
multiple chromosome 3, 7 , 18, 32 — 35, 43, 
62, 63, 81, 84, 93, 104, 105 
Mus 154, 162 
Musca 108 


mutation 50 


Myriapoda 16, 75—78 


Nahidae 112, 118 
Nahis 112, 118 
NAKAHARA 95, 96 
Narnia 117 
Nassa 70 
Naucoridae 112 
Naucoris 112 
NAWASCHIN 163 
Necrophorus 101 
Nectiirns 34, 143, 159 
Nematelminthes 23, 61—67 
Nematoda 61 — 67 
Nematospira 66 
Nepa 112, 118 
Nepidae 112, 118 
Nferetina 70 
.net knots 16 
Neuroptera , 94—96 
NEWMAN 150, 161 
Nezara 113, 120 
NICHOLS 101 
nomenclature 5 
NomotettiS' 88 

non— disjunction 28, 42, 55 ■ 
NONIBEZ 30, 34, 98, 99, 103—107 
Notonecta 31, 34, 112, 113, 118, 119 
Notonectidae 112, 118 


NOWLIN 87, 100 

nuclear membrane 16, 17 

nucleolus (secondary) 142 

nucleolus (true) 9, 15, 16, 22, 25 — 27, 104 

Numidia 146, 160 

Nyctinomus 155, 162 

Ohera 102 
Ohisium 137 
odd chromosome 6 
Odonata 94 
Odontota 26, 30, 102 
Oehalus 120 
Oedipoda 88 
Oedoncala 112, 118. 

Oenothera 28 

OGEMA 24, 30, 36, 84, 92, 93, 157, 158, 
160, 162 

Oncopeltus 9, 40, 110, 112, 118 

ONO 30, 163, 164, 167 

oocytes 22 

oogonia 22 

Ophidia 146 

Opisthohranchia 68 

opossum — see Bidelphis 

Orchelimum 91 

Orchesticus 91 

origin of sex chromosomes 44, 45 
Orphania 3, 92 
Orphulella 88 

Orthoptera 4, 9, 11, 19, 25, 26, 35, 79 93 
Oryctes 97, 102 
Ostracoda 71 
OTTE 91 

OTTINGER 76, 77 
overriding influences 50 
Ovis 152, 161 
Oxyopes 137 


Pachyiulus 76, 77 
Pachylis 117 

PAINTER 18, 20, 26, 30, 39—41, 136—138, 
145, 149, 150—162 
pairing 11 
PALMER 74, 75 
Pamphagus 88 
Paracentrotus 138 — 141 
Parameles 148 
parasynapsis 40 
parasitization 131 
Paratenodera 30, 31, 84, 92 
Paratettix 88 
Parechinus 138, 141 
PARKES 37 
PARMENTER 143 


Paroxya 88 
Passaius 102 
parthenogenesis 47, 57 
PATTERSON 150, 161 
PAELMIER 3, 10, 110, 115 
PAYNE 22, 26, 27, 31, 35, 82, 83, 90, 
94, 111, 114, 117, 121-123 
PEARL 146, 148 
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Pediciilopsis 49 
PEHANI 92, 93 
Pelidonata 102 
Peliopelta 118 
Pellia 165, 166 
Pentatoma 2, 17, 113, 120 
Pentatomidae 113, 119 
Pentha 102 
Perihalus 120 
Perillus 120 
Periplaneta 81, 90 
Perla 23, 50, 95, 96 
Petaroides 160 
Phaetaliotis 88 ■ 

Phaneroganis 163 

Phascolarctus 149, 160 

Pliascolomas 161 

Phasmidae 92, 93 

Philaenus 130, 131 

Philbostroma 88 

Philosamia 132, 134 

Phlepsinus 131 

Phorbia 108 

Photinus 36, 97, 102 

Phragmatobia 21, 30, 36, 132 134 

Phromia 108 

Phrynotettix 9, 80, 88 

phyla (showing sex chromosomes} b 

phylogeny (of sex chromosomes) 44 

Phymata 113, 121 

Phymatidae 113, 121 

Phyllaspis 22, 125, 129 

fglKsi 48, .28-126, 12. 

Physaloptera 34, 36, 62, 66, 82 

physiology 7 

Phytodecta 57 

Phytonomns 102 

Pieris 132, 134 

pig— see Sus 

pisreon — see Columbella 

PINNEY 25, 88, 115, 1^9, 141 

Pisces 8, 24, 41, 57, 142, 143, 158 

plant lice— see Aphididae 

plants 163 — 167 

plasmosome 16, 22, 25 27, 104, 110, 

Platycleis 92 

Platyhelminthes 60, 61 

Platyphylp 96, 142 

Platypoecilns 8 

Plecoptera 94, 95 

PLOUGH 16 

Pnirontis 32, 114, 121 

Podisus 120 

Poeciiocapsns 110, 115 > 

Poeciloptera 130 
POISSON 112 
polar grannies 25, 27 
polarization 11 
polyploidy 20, 57, 58, 165 
Polyxenns 78 
Popnlns 166 
POBTEK 116 


position in plate 12, 40 

postlieterohinesis 12 

Potorons 161 
precession 8, 13, lol 
preheterokinesis 12 

Primates 155-- 158^^" 

Prionidns 27, 31, lH? 
prochTomosoiiie 9 ^ 
prophase 9-“ll,__^l^ 

Proracorypha 88 
Prosohranchia 69 

Frotenor 22, 110, 117 
Protospira 66 
Protozoa 46, 47 
PROWAZEK 97, 102 
Pselliocles 26, 31, Hd, 

Pseiidochirns 161 _ 

Pseiidococcns 24,^ 30, o2, l-O, 13t 
Pseiidopomala 88 _ ^ ^ 

Pseudoscorpionidae 13^, lob 
Pseaidotadmerotropis 88 
Psinidea 88 
Pteticiis 108 
Pnlmonata 67, 68 
Pyrrhocoridae 114, "121 ■ 

Pyrrhocoris 2, 4, 22, 114, IjwI 

quality hypothesis 48 
quantity hypothesis 50— So 
Querkerhe 62, 72, 73, 78 

rabbit — see Lepus 

radium 42 . 

liana 56, 143, 144, 159 

Banatra 112, 118 

BANDOLPH 26, 93 

BAPPEPOBT 157 

rat— see M'ns 

vom Bath 90 

BAII 154 

BAYBURN 88 

reduction division 12, 13 

Beduyiidae 26, 31, 114, 121 

Bednvius 114, 122 

BE0AUD 153 

0 Beptilia 144—146, 159, 160 
review of past work on sex 
chromosomes 59—467 
Bhabdites 64—66 
Bhesus 156, 162 
Bhoinaleum 88 
Bhytodolomia 120 
Biccia 166 ■ ■ , 

' . BOBMTSOI . 20, .30, 79, 81, 85, 86, 88, 89 
BOBINSON 81, 82, 90 , ; , 

Bocconata 31, 114,' 122 ■ 

Bodentia '26, 37, 153— 155, 162 
Boentg'en rays 43 '■ ■ ■ 

BOOT 155, 162 
Botifera 49 
rove beetle 102 
Bnmex 30, 163, 164 167 
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SAINMONT 22, 153, 161 
Saiicaceae 165 . . 

Salix 167 
Saiomonia 163 
Sammelchromosom 7, 62 
SANFELICE 1, 153' 

SANTOS 163—165 

Sarcophoga 108 

Sarcophilns 149, 161 

Scaptomjza 108 

Scatopbaga 106, 108 

Sceleporus 159, 160 

SGHACKE 163, 167 

SCHAFEB. 98, 100 

SCHELLENBERO- 26, 91 

Scliistocerca 88, 89 

Schistosomum 60, 61 

SGHITZ 68, 70, 71 

SCHLEIP 23, 45. 50, 64, 65, 71 

SCHMIDT 142 

SCHOENFELI) 151 

SCHOFIELD 56, 158 

SCHRADER 24, 30, 32, 58, 126, 131 

SCHWEITZER 54 

Sciara 106, 109 

Scirtettica 89 

Scinrus 155 

Sclerostomum 67 

Scolopendra 75 — 77 

Scudderia 92 

Scutigera 76, 77 

secondary nucleolus 142 

secondary sexual characters 55 

second pairing 40, 146, 148 

secretion 10, 25 

SEILER 21, 30, 32, 36, 42, 43, 132—135 

Seisonidae 49 

SENAY 39 

SENNA 83 

sex chromosome 6 

sex determination 42, 44, 45 — 59 

sex linkage 55 

SHAFFER 22, 100—102, 130 
sharks — see Elasmohranchii 
SHARP 45 
sheep — see Ovis 
SHIWAGO 147, 148, 160 
SHULL 163 
Silpha 97, 102 
SILVESTRI 78 
Simocephalus 72 
Sinea 31, 32, 114, 122 
DE SINETY' 3, 6, 33, 84, 92, 93 
SINOTO 30, 163, 167 
size differences 15 
size of sperms 37 
SMALLWOOD 68 
SMITH 96 
SOKOLOFF 78 
SOKOLOW:137, 138 
, SOROLSKA 48, 49 ,, 
somatic cells (sex chromosomes in) 8 

SOOS 67, 68 

Zellen- nBd Befrachtungsleliie hrsg. v. Buchner; 


SPAUL 112, 118 
Spaerechinus 139 
Sphaerocarpus 163, 167 
Spharagemon 89 
Sphenodon 146 
special cases 23 
spermatids 15 
spermatogonia 9, 36 
spermatozoa 15, 37 
spiders— see Araneida 
spireme 11 
spruce borer 102 
squirrel — see Sciurus 
staining 9, 16, 18 
staleness 42 
Staphylinus 97, 102 
Stauronotus 89 
Steiroxys 92 
Stenobothrus 85, 86 
Stenopelmatus 92 
STEOPOE 112, 118 
sterility 55 
STERN 35, 56, 104 

STEVENS 4, 20—22, 26, 29, 30, 34, 36, 
44, 51, 81, 89, 91, 92, 94, 96—105, 
107—109, 124, 125, 128, 129, 132, 134, 
135, 147, 148, 155, 162 
Stiretrus 119 
Stomaphis 129 
STRASBURGER 163, 165 
Strepsiptera 103 
Strep ton eura 69 
VAN DER STRICHT 158 
STROBELL 5, 6, 22, 115, 119 
Strongylocentrotus 138, 141 
Strongylus 67 
STRUCKMANN 67 
structure (of sex chromosome) 7 
STURTEVANT 5, 34, 44, 50, 53, 58 
Stylopyga 90 

succession 8, 13, 35, 42, 131 

supernumerary 17, 20, 28, 81, 110, 118, 138 

Sus 37, 152, 161 

SUTTON 3, 4, 85 

SYKES 163 

Sympetrum 96 

SWINGLE 143 

synapsis 11, 20, 39, 40 

Syrhula 89 

Syphacia 67 

Syromastes 4, 5, 12, 30, 31, 36, 110, 117 
systematic review (of sex chromosomes) 
59—167 

tables (of sex cliomosomes) 59 — 167 

TAFANI 154 

Talaeporia 21, 42, 133 

Tatu 150, 161 

TAYLOR, M, 72 

TAYLOR, W. R. 163 

taxonomy 59 

Tegenaria 49 

temperature effects 42 

; Schrader 13 
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telosynapsis 40, 78 
Tenehrio 4, 97, 102 
TENNENT 139-141 
Tenodera 24, 30, 31, 36, 
Tephritis 104, 106 
ternainology 5—7 
Termopsis 96 
Tetranychus 58 
Tetraopes 102 
tetraploidy 20 
Tettigidea 20, 30, 89 
Tettiginae 79 
Tettigonidae 84 
Thamnophis 146, 159 
THATCHEE 146, 159 
Thelia 50, 130, 131 
THOMPSON 91 
THOMSEN 58, 127 
Thyanta 31, 113, 120 
Tiedemannia 70 
Tingis 122, 123 ' 
Tingitidae 122, 123 
Toxascaris 62, 67 
Toxopneustes 138, 141 
Tradescantia 163 
Trematoda 60 
Trial eurodes 58 
Trichopepla 120 
Trichoptera 94—95 
Trichosomoides 67 
Trichosurus 161 
Trimerotropis 89 
Tripneustes 139, 141 
Trirhabda 102^ 
trophochromatin 46 
Tropidolophns 89 
Tryxalis 9, 89 
Turritella 70, 71 
turning point 52 
turtle— see Chelonia 


84, 92, 93 


Umbra 143, 159 

Ungulata 22, 150—152, 161 

union of sex chromosomes 40 

Urodela 143 

Urtica 167 

Uta 160 


vacuolization 11 
valence (of sex factors) 52 
Yaleriana 167 
Yallisneria 164, 167 
YAN DEE STEIGHT 153 


Yanduzea 13, 36, -130, 131 
YAN MOLLE 155 
variation of sperm size 39 
YEJDOWSKY 91, 153 
Vermetus 69, 70 
Yertebrata 37, 141 — 162 
Yesperngo 155, 162 
YOINOV 4, 83, 84, 90, 97 
volume of sperms 37 
VOM RATH 90 


WAGNEE 1, 135 
WALLACE 3, 4, 135—137 
WALTON 35, 36, 61-67, 82 
WASSILIEFE 25, 81, 82, 89 
W chromosome 6, 132 — 135 
WENEICH 9, 11, 19, 25, 79, 80, 86, 88, 
105 

von WETTSTEIN 54 

WHITING 105, 107 

WIEMAN 22, 98, 100, 101, 156, 158 

WILCOX 2, 87 

WILKE 112, 117 

WILSON 4—7, 9, 15, 17, 20, 26, 28-30, 
32, eS4-36, 40, 44, 45, 51, 53, oo, 99, 
110—121, 141 

WINGE 24, 41, 57, 142, 143, 158, •64—16/ 
T)E YriNIWAETER 22, 153, 156-158, 161, 
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VON WINIWAKTEK— see cle WINIWARTKK 
WITSCHI 56, 143, 144, 159 


WAnewn AT.Ti'K' 99. 37. 38. 
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WOLTEEECK 51 
WOOLSEY 91 


X chromatin 51 
X chromosome 6 

Xiphidium 3, 11, 84, 92 
X rays 48 
Xystious 137 

T chromosome 6 

Y chromosome (in heredity) 55—57 
YOCOM 116, 154, 162 
YOCUM— see Yocom 

ZAENIK 68, 70 
ZAITHA 115 
Z chromosome 6 
ZELENY 39 
ZIEGLEE 67 
ZULUBTA 57 
ZWBIGEE 4, 93, 94 
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strahlen von Prof. Dr. Paula Hertwig. Mit 51 Abbildungen. 
60 8eiten. 1927 Vorzagspreis geheftet 9.60 

Der Vorzugspreis gilt nur bei Abnahme eines Bandes. 

Ausfuhrllche Verlagsverzeichnisse kostenfrei 


Verlag von Gebruder Borntraeger in Berlin W35 


Praktikum der Zellenlehre von Prof. or. Paul Buchner, Privat- 

dozenten an der TJniversitat Miinchen. Erster TeU: Allgeraeine 

Zellen- und Befrnchtungslehre. Mit 160 znm Teil faibipn lex r 

fignren. (336 S.) 1915 Gebnnden 22.50 

Tier und Pflanze in intrazeliuiarer Symbiose von Professor 

Dr Paul Buchner. Mit 103 Textabbildungen nnd 2 Tafeln. (462 S.) 

■ Gebnnden 19.50 

1921 

Geschichte der Pfianzenanatomie und Zelleniehre. 

1. Abscbnitt; Die Zelle. - 2. Absehnitt: Das Cytoplasma you 
Dr. Henrik Lundegardh, Dozenten an der Umversitat Eund 
(Liefernng 1 n 5 des Handbncbes der Pfianzenanatomie..! Mit 
196 Textabbildungen. (XII u. 404 S.) 1921/22 Binzelpreis 30.- 

Subskriptiouspreis 22.60 

7nilIllikrQteGhnik. Eia Wegweiser fiir Zoologen und Anatomen von 

(VIII u. 516 S.) 1920 Gebnnden 30.- 

Untersuuhungen uber Echtfarbung der Zellkerne mit 

kanstlichen Beizenfarbstoffen und die Theorie des histologischen 
Farb^prozesses mit geiosten Lacken von Prof. Dr. Siegfried Becher. 
(XXu. 318S.) 1921 Gebnnden 16.50 

Das Problem der Befruciitungsvorgange nnd andere cyto- 

logiscbe Fragen von Prof. Dr. B. Nemec, Vorstand des pflanzen- 
pbysiologiscben Institutes der Universitat Prag. Mit 119 Text- 
abbil^ng^ U; 5 litb. Doppeltaf. (IV n. 632 S.) 1910 Geb. 30.- 

Studfeti Uber rfie Regeneration von Prof. Dr. b. Nemec. Mit 

180 Textabbildungen. (IV u. 387 S.) 1906 Gebeftet lo.— 

Regeneration und Transplantation von Dr. e. Korscheit, Prof. 

der Zoologie u vergl. Anatomie an der Universitat f arburg. 

1. Band: Regeneration. Mit 395 Abb. (XII u. 818 S.) 1927 

Gebnnden 60.60 

. Das Buck ist vormiegend den Eegeneratiomvorgangen hei dm Tteren 
' » tflol I f y die von den niedrigsten (einzelligen) bis z% den hochst stehenden, 
ryh^ksinscUmidh der Saugetiere und des Menschen eingehend behandelt werde^i,^ 
geschieht aueh mit der Regeneration der PflanzeM, denen nwM nnr 
ein umfangreiches Kapiiel ge%oidmet ist, sondepi die auch zum Yergletch 
mit defi entsprechenden Brsciheinungen in den einzelnen Ahseknitten her an- 
gezogeni^werden. Beben der Behandlung der speziellen Erschdnungen stehen 
die dilgemeinen Fragen im Vordergrmd. 
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